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War  Department, 
Waahim^ton^  February  13^  1907. 
Sib:  1  have  the  honor  to  transmit  herewith  a  letter  from  the  Chief 
of  Ordnance,  U.  S.  Army,  dated  12th  instant,  submitting,  for  trans- 
mission to  Congress  as  required  by  law,  copy  of  the  report  of  the 
commanding  officer  of  Watertown  Arsenal,  of  "Tests  of  iron  and 
steel  and  other  material  for  industrial  purposes,"  made  at  that  arsenal 
during  the  fiscal  year  ended  June  30,  1906. 

Very  respectfully,  Wm.  H.  Taft, 

Secretary  of  War. 
The  Speaker  of  the  House  of  Representathtes. 


War  Department, 
Office  of  the  Chief  of  Ordnance, 

Washington^  tebruary  i^,  1907^ 
Sir:  I  have  the  honor  to  submit,  for  transmission  to  Congress  as 
required  by  law,  a  copy  of  the  report  of  the  commanding  officer  of 
Watertown  Arsenal,  of  "Tests  of  iron  and  steel  and  other  material 
for  industrial  purposes,"  made  at  that  arsenal  during  the  fiscal  year 
ended  June  30,  1906.     (O.  O.  file  18563.) 

Respectfully,  William  Crozier, 

Brig.  Oen,^  Chi^f  of  Ordnance. 
The  Secretary  of  War. 
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Watertown  Arsenal, 
WaterUywn,  Mass,,  October  24, 1906. 
Sir:  I  have  the  honor  to  submit  herewith  the  annual  report  of  tests 
of  iron  and  steel  and  other  materials  made  at  this  arsenal  during  the 
fiscal  year  ended  June  30,  1906. 

The  total  number  of  specimens  tested  during  the  year  was  classified 
as  follows: 

Gun  specimens 50 

For  Ordnance  Department 1, 531 

For  other  Government  Departments 180 

Investigative  tests 514 

Tests  for  private  parties 951 

Total 3,  226 

The  receipts  and  expenditures  were  as  follows: 

Amount  appropriated  for  testing  machine  and  testing  work $15, 000. 00 

Received  from  private  parties 1, 087. 11 

Total  received 16, 087. 11 

Amount  expended  for  services  and  labor 11, 197. 35 

Amount  expended  for  light,  power,  tools,  implements,  and  materials  for 

teats 4, 889. 67 

Deposited  to  credit  of  Treasurer  of  United  States .09 

Total 16,087.11 

Among  the  tests  of  an  investigative  character,  conducted  during 
the  past  fiscal  year,  are  the  results  of  an  examination  of  the  metal  of 
a  fluid-compressed  ingot^  of  nickel  steel,  which  was  treated  bv  the 
Harmet  process.  The  weight  of  this  ingot  was  about  17  tons.  It  was 
cast  in  tne  Oberbilker  Steel  Works,  Diisseldorf ,  Germany,  and  repre- 
sents a  process  of  fluid  cohipression  in  which  the  metal  is  forced  from 
the  larger  toward  the  smaller  end  of  a  tapering  mold,  thereby  subject- 
ing the  walls  to  radial  compression,  and  causmg  a  certain  amount  of 
extension  in  length  incident  to  the  change  in  cross-section  dimensions. 

In  the  examination  of  the  ingot  it  was  first  cut  apart  transversely 
at  the  middle  of  its  length,  then  each  half  was  split  longitudinally, 
the  cut  in  the  lower  halfbeing  taken  at  right  angles  with  that  of  the 
upper  half.  Specimen  slabs,  longitudinal  and  transverse,  were  taken 
from  the  parts  exposed  by  tne  cuts  above  described.  The  surface  of 
the  slabs  thus  exposed  showed  a  columnar  structure  present,  normal 
or  nearly  so  to  the  surface  of  the  insot  at  the  top  and  bottom,  and 
making  an  average  angle  with  the  sides  of  about  74^,  the  trend  being 
upward,  toward  the  smaller  end  of  the  ingot.  There  were  short  lines 
or  streaks  parallel  to  the  columnar  structure  present  in  different  parts 
of  the  ingot,  where  the  structural  continuity  of  the  metal  was  impaired. 

Tensile  4>ecimen8  were  taken  out  of  the  slices,  parallel  and  per- 
pendicular to  the  sides  of  the  ingot,  and  also  parallel  and  perpendicular 
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to  the  columnar  structure.  The  comparatively  low  strength  and  the 
fissured  appearance  of  test  pieces  taken  crosswise  the  structure 
showed  the  streaks  to  be  lines  of  weakness.  These  lines  of  weakness 
were  not  confined  to  any  particular  part  of  the  ingot.  There  was  no 
central  pipe  nor  open  cavities  shown  by  the  ingot,  the  structural 
unsoundness,  where  it  existed,  being  manifested  by  the  presence  of 
short  lines  or  streaks,  at  which  places  the  metal  was  deficient  in 
strength  and  structural  continuity. 

The  metal  in  the  natural  state  of  the  ingot  was  tested,  and  also 
specimens  which  had  been  annealed.  A  modification  of  the  tensile 
properties  in  the  sound  metal  resulted  from  the  process  of  annealing 
without,  however,  eflfacing  the  influence  of  structural  defects. 

Forged  and  annealed  specimens,  tested  in  the  direction,  in  which 
they  had  been  worked,  did  not  show  the  ingot  unsoundness. 

Tests  have  been  continued  with  concrete  and  mortar  columns,  both 
plain  and  reenforced.  Reenforcing  material  has  been  contributed  by 
the  Clinton  Wire  Cloth  Company,  the  Cummin^  Structural  Concrete 
Company,  the  Expanded  Metal  Companies,  the  Hennebique  Construc- 
tion Company,  and  the  Trussed  Concrete  Steel  Company.  The  tests 
include  a  wide  range  in  the  composition  of  the  concretes  and  mortars, 
and  embrace  types  of  reenforcement  in  which  longitudinal  steel  bars 
are  used,  and  by  means  of  hooping  or  other  external  lateral  support. 
Columns  have  oeen  prepared  to  ascertain  the  endurance  of  concrete 
for  long-continued  loads.  The  loads  will  be  maintained  by  means 
of  tension  rods  and  end  plates. 

Some  carbon  steel  rails  were  contributed  for  test  by  Mr.  C.  S.  Ser- 
geant, vice-president  Boston  Elevated  Railway  Company,  and  a 
section  of  cast  manganese  steel  rail  by  Messrs.  Harrington,  Robinson 
&  Co.,  the  latter  representing  metal  in  use  in  the  tracks  of  the  Boston 
Elevated  Railway  Company,  which  has  displayed  phenomenal  resist- 
ance against  abrasion  and  wear. 

In  this  volume  are  a  number  of  photographs  illustrating  the 
equipment  of  the  testing  laboratory.  The  testing  machines  are 
shown  and  the  principal  accessory  apparatus  illustrated. 

Acknowledgjment  is  due  Mr.  J.  E.  Howard,  C.  E.,  for  the  scope  of 
the  investigative  tests,  and  for  having  conducted  the  operations  of 
the  laboratory  so  satisfactorily. 

An  increase  in  the  appropriation  for  the  testing  laboratory  is 
recommended.  It  is  recognized  that  questions  of  importance  per- 
taining to  the  physical  properties  of  constructive  matenals  for  indus- 
trial purposes  are  in  need  of  additional  data.  The  resources  of  the 
laboratory  are  adequate  for  the  early  development  of  such  infor- 
mation in  greater  volume  than  heretofore,  provided  funds  were 
available  for  operating  the  several  machines  to  their  full  capacity. 
Very  respectfufly,  your  obedient  servant, 

F.  E.  HoBBS, 
Major,  Ordnance  Department^  U.  S.  Army,  Commariding. 

The  Chief  of  Ordnance,  U.  S.  Armt, 

Wa^hingtonj  D.  C. 
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EQUIPMENT  OF  TEE  WATERTOWN  ARSENAL  TESTING  LABORATORY. 


Number  of  plate. 


Apparatus. 


I,  2,3.... 

4 

5 

6 

7 

8,9 

10 

II,  12,  13 

14 

15,  16,  17 

18 

19 

20 


800,000  pounds  testing  machine. 

100,000  pounds  testing  machine. 

Impact  machine. 

Repeated  stress  machine. 

Ball-bearing  machine. 

Comparator. 

Test  levers. 

Extensometers. 

Inclinometer. 

Micrometer  for  interior  diameters. 

Micrometer  for  exterior  diameters. 

Multiple  laying-off  punches. 

Vernier  for  elongations. 

High-speed  steam  turbine. 

Cement  briquette  machine. 

Pyrometers. 

Microscopic  and  polishing  outfit. 

Chemical  laboratory. 

Machine  tools. 


12 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


EQUIPMEIYT   OF   LABORATOBY.  13 


DESCRIPTION    OF   APPARATUS. 

Plate  No.  1  is  a  view  of  the  main  room  of  the  testing  laboratory. 
It  shows  the  800,000  pomids  Emery  testing  machine,  the  100,000 
pounds  Emerv  testing  machine,  the  accumulator  weights —  three  on 
the  left  of  the  cut,  the  test  levers  of  50,000  pounds  capacitv,  a 
cement  briquette-testing  machine  of  1,000  pounds  capacity,  and  an 
electric  crane  of  5  tons  capacity.  Power  for  driving  the  geared  parts 
of  the  800,000  pounds  testing  machine,  the  repeated-stress  machine, 
the  ball-bearing  machine,  and  the  machine  tools  is  furnished  by  a 
high-speed  Atlas  steam  engine  of  18  horsepower.  Hydraulic  power 
for  the  accumulator  is  supplied  by  a  Knowles  steam  pump,  having  a 
steam  cylinder  10  inches  diameter  by  12-inch  stroke,  a  low-pressure 
hydraulic  piston  IJ  inches  in  diameter,  and  high-pressure  hydraulic 

I)iston  seven-eighths  of  an  inch  diameter.  The  engine  and  pump  are 
ocated  in  a  room  at  the  side  of  and  beyond  the  end  of  the  main 
room,  the  movements  of  the  pump  being  controlled  from  a  point 
in  the  main  room  as  well  as  at  tne  pump  itself.  The  engine  room  also 
contains  a  Dean  air  compressor,  the  steam  end  of  which  is  8  inches 
diameter  by  12-inch  stroke.     The  air  end  is  10  inches  diameter. 
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14  EQUIPMENT    OF    LABORATORY. 

Plate  No.  2  shows  the  800,000  pounds  Emery  testing  machine,  de- 
signed and  built  by  Mr.  A.  H.  Emery.  This  machme  is  adapted 
for  applying  loads  of  tension  and  of  compression,  and  also  transverse 
stresses,  to  beams  of  short  span.  It  is  adjusted  in  position  for  the 
test  of  members  of  different  lengths  by  means  of  nuts  on  the  main 
screws  actuated  by  gearing.  Hydraulic  power  is  used  during  testing. 
The  principal  dimensions  are  as  follows: 

Diameter  of  straining  cylinder inches. .  20 

Diameter  of  piston  rod do. . .  10 

Stroke  of  piston do. . .  24 

Main  screws,  diameter do. . .  8. 5 

Main  screws,  length feet. .  48 

Main  screws,  distance  from  center  to  center inches. .  50 

Height,  center  line  of  machine  from  floor do. . .  47 

Hydraulic  pulling  heads: 
Openings  of  jaws — 

Width inches..  30 

Height do. . .  6 

Depth do...  16 

Middle  part  of  same — 

Width do. . .  15 

Height do. . .  10 

Depth do. . .  16 

The  jaws  have  a  movement  of  1  inch.  Interior  plates  or  liners 
reduce  the  openingjs  to  the  size  of  the  specimens  or  auxiliary  fixtures. 
The  maximum  gripping  force  which  may  be  applied  is  1,000,000 
poimds. 

There  are  auxiliary  holders  for  tension  specimens,  one  set  having  a 
capacity  of  50,000  pounds  and  another  set  for  loads  up  to  600,000 
pounds.  These  holders  are  provided  with  ball-and-socket  seats  to 
msure  alignment  and  an  axial  pull  of  the  test  pieces.  Platforms  for 
compression  tests  are  held  in  position  by  the  jaws  of  the  pulling 
heads.  The  stationary  compression  platform  has  a  face  18  by  18 
inches.  The  opposite  platform  has  a  ball-and-socket  seat  and  pre- 
sents a  face  19.75  by  19.75  inches.  Supplementary  platforms  2.34 
inches  diameter,  with  hardened  faces,  may  be  attached  to  the  main 
platforms  for  accessibility  in  the  test  of  small-sized  specimens. 

When  the  testing  machine  is  extended  the  maximum  distance 
from  face  to  face  of  the  pulling  heads  is  27  feet  5}  inches.  With  the 
compression  platforms  m  place  the  maximum  distance  from  face  to 
face  is  26  feet  3}  inches. 

The  accumulator  used  with  the  testing  machines  has  three  weights 
averaging  about  26,300  pounds  each,  carried  by  rams  of  5J  inches 
and  10  inches  diameter,  one  ram  working  within  the  other.  The 
several  accumulator  pressures  are  as  follows: 

Pounds 
per  square  inch. 

10-inch  ram  with  one  weight 354 

10-inch  ram  with  two  weights 676 

10-inch  ram  with  three  weights 1, 007 

5i-inch  ram  with  one  weight 1, 205 

5i-inch  ram  with  two  weights 2, 296 

5}-inch  ram  with  three  weights 3,329 
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EQUIPMENT   OF   LABOBATOBY.  15 

The  maximum  piston  speeds  of  the  testing  machine  which  results 
from  the  use  of  tnese  pressures  have  been  observed  as  follows: 

Inches  per 
minute. 

10-inch  ram  with  one  weight 2. 65 

10-inch  ram  with  two  weights 4. 20 

10-inch  ram  with  three  weights 5. 50 

5)-inch  ram  with  one  weight 6. 20 

5i-inch  ram  with  two  weights 8. 40 

5i-inch  ram  with  three  weights 11.00 

The  movement  for  adjustment  of  position^  using  the  gear  drive,  is 
12  inches  per  minute.  The  above-mentioned  piston  movements  are 
approximate,  but  are  those  which  may  be  realized  when  the  machine 
has  no  specimen  in  place. 

In  regard  to  the  minimum  rate  of  speed,  a  piston  movement  of  less 
than  0.01  inch  per  minute  admits  of  control.  Intermittent  move- 
ments may  be  given  the  piston,  and  sDecimens  strained  small  dis- 
tances at  will,  measured  by  ten-thousanaths  of  an  inch. 
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Plate  No.  3  shows  the  weighing  scale  and  gauges  of  the  800,000 
pounds  machine,  also  the  vidves  for  the  accumulator  piping  and 
pump,  and  the  lever  for  controlling  the  geared  parts  of  the  ma- 
chine. The  weighing  apparatus  has  tour  hydraulic  supports  located 
between  the  two  platforms  of  the  machiiie,  which  platforms  are 
shown  on  plate  No.  2.  These  supports  of  larger  diameter  are  con- 
nected with  four  of  smaller  diameter  located  in  the  bottom  part 
of  the  scale  case,  the  transmission  of  power  from  one  set  of  supports 
to  the  other  being  accomplished  by  means  of  copper  tubing,  the 
diameter  of  the  bore  of  which  is  0.07  inch.  Multiplying  levers 
mounted  upon  steel  fulcrum  plates  receive  the  load  from  the  smaller 
set  of  hydraulic  supports,  and  with  the  poise  and  sliding  weights  go 
to  make  up  the  weighing  mechanism.  There  are  four  sets  of  poise 
weights  of  ten  to  each  set.  Each  weight  of  the  first  set  represents 
100  poimds  on  the  specimens,  those  of  the  second  set  1,000  pounds, 
of  the  third  set  10,000  poimds  each,  and  of  the  fourth  set  100,000 
pounds  each.  The  actual  weight  of  each  of  the  fourth  set  is  about 
10.56  pounds.  The  poise  weights  are  lowered  in  succession,  by  means 
of  hand  levers,  upon  rods  suspended  from  the  main  scale  beam. 
Shoulders  at  regular  intervals  on  the  suspended  rods  receive  the 
poise  weights  when  thus  lowered.  A  sliding  weight  is  used  for  loads 
below  100  pounds,  its  beam  being  graduated  to  single  pounds,  the 
limit  of  sensitiveness  of  the  weighing  apparatus.  Tlie  control  of  a 
test  is  at  the  scale  case,  where,  in  addition  to  the  poise  weight  levers, 
there  are  valves  which  apply  and  regulate  the  hjrdraulic  pressure 
from  the  accumulator  as  it  is  admitted  to  the  straining  cylmder  of 
the  machine. 

The  two  gauges  in  the  case  on  the  left  of  the  plate  are  connected 
with  the  tension  and  compression  sides  of  the  piston  of  the  strain- 
ing cylinder,  respectively.  They  indicate  the  loads  which  are  ap- 
plied at  one  ena  of  the  maclmie,  the  reading  of  the  scale  beam 
indicating  the  load  which  has  been  transmitted  through  the  test  piece 
to  the  weighing  apparatus  at  the  other  end  of  the  machine.'  The 
gauges  read  higher  than  the  weighing  apparatus  by  the  amount  of 

EacBng  friction  of  the  piston  and  the  tractive  resistance  of  the  mova- 
le  pulling  head.  The  gau^s  in  the  middle  case  of  the  plate  are 
connectecTwith  the  hydraulic  jaws  of  the  pulling  heads,  the  lower 
pressure  gauge  of  the  two  indicating  gripping  loads  up  to  345,000 
poimds,  the  higher  pressure  gauge  indicating  loads  up  to  1,000,000 
pounds. 
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Plate  No.  4  shows  the  100,000  pounds  Emery  testing  machine,  built 
by  Wm.  Sellers  &  Co.  This  also  is  adapted  for  applying  loads  of 
tension  and  compression  and  transverse  stresses  to  oeams  of  short 
span.  It  is  adjusted  in  position  for  the  test  of  spjecimens  of  different 
lengths  along  the  side  rods,  where  it  may  be  retained  in  a  number  of 
places  by  means  of  pins.    The  principal  dimensions  are : 

InchoB. 

Diameter  of  straining  cylinder 12. 5 

Diameter  of  piston  rod 5. 18 

Stroke  of  piston 24 

Side  rods,  diameter 5 

Height,  center  line  of  machine  from  floor 50 

Front  side  rod,  axis  below  center  line  of  machine 6. 7S 

Rear  side  rod,  axis  above  center  line  of  machine 6. 75 

Tension  holders  for  specimens  with  threaded  ends  are  provided  in 
sizes  ranging  from  0.50  inch  diameter  to  1.5  inches  diameter.  These 
fixtures  nave  ball-and-socket  seats.  Tension  holders  with  wedge 
jaws  receive  specimens  up  to  3  inches  wide  by  1  inch  thick  for  flats, 
and  up  to  1.5  inches  diameter  for  rounds  and  squares.  There  are 
two  sets  of  compression  platforms,  each  of  which  has  ball-and-socket 
seat  at  one  end  of  the  machine.  The  maximum  distance  from  face 
to  face  of  the  tension  holders  is  48  inches.  The  distance  from  face  to 
face  of  the  compression  platforms  is  56.7  inches.  The  maximum 
piston  speeds  are — 

With  one  accumulator  weight:  Inches 

per  minute. 

For  tension 4.3 

For  compression 6.3 

With  two  accumulator  weights: 

For  tension 8. 2 

For  compression 9. 6 

With  three  accumulator  weights: 

For  tension 10 

For  compression 12. 6 

The  larger  ram  only  of  the  accumulator  is  used  with  this  testing 
machine.  The  minimum  rate  of  speed  of  the  piston  admits  of  control 
to  less  than  0.01  inch  per  minute,  and  specimens  mav  be  strained 
small  distances  at  will,  measured  by  ten-thousandths  of  an  inch. 

H.  Doc.  26,  59-2 2 
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Plate  No.  5  is  a  view  of  the  impact  machine.  It  is  adapted  for 
experiments  with  striking  velocities  up  to  20  feet  per  second.  It 
consists  of  an  anvil  carrier  and  anvil  or  about  30,000  pounds  weight, 
supported  by  a  base  plate  of  about  the  same  weight.  Mounted  over 
the  anvil  is  an  hydraulic  cylinder  with  piston  for  hoisting  the  ram. 
Rams  up  to  1,000  pounds  weight  are  at  present  provided.  There  are 
solid  and  annular  anvils.  By  means  or  an  hyaraulic  gripping  head 
the  rams  are  hoisted,  a  prompt  release  of  the  ram  being  enected  by 
retraction  springs  acting  on  tne  piston  of  the  gripping  head.  Stems 
in  the  upper  ends  of  the  rams  are  used  in  the  hoisting.  The  move- 
ments or  the  piston  hoist  and  gripping  head  are  controlled  by  valves 
shown  at  the  right  side  of  the  machine.  There  are  eight  8-inch  level- 
ing screws  in  the  heavy  flange  at  the  lower  end  of  the  anvil  carrier, 
below  the  floor  line  of  the  room,  working  against  the  base  plate,  for 
adjusting  the  face  of  the  anvil  to  a  horizontal  plane.  The  machine 
rests  upon  a  platform  9  feet  6  inches  square  by  3  feet  deep,  of  spruce 
timber,  kyamzed  for  its  preservation. 
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Plate  No.  6  represents  the  repeated  stress  machine.  This  ma- 
chine provides  for  testing  the  endurance  of  steel  and  other  metals 
under  repeated  alternate  stresses  of  tension  and  compression  by 
means  of  transverse  loads  appUed  to  rotating  shafts.  The  test 
shafts  are  1  inch  diameter  by  33  inches  long,  center  to  center  of  end 
supports,  and  are  loaded  at  two  places  at  middle  of  the  span,  the 
nuddle  bearings  being  4  inches  apart,  center  to  center.  The  several 
bearings  are  mounted  upon  trunnions  carried  by  swiveled  blocks. 
The  usual  speed  of  rotation  is  500  per  minute.  Four  shafts  may  be 
under  test  at  a  time,  two  driven  by  each  outside  spindle.  The  tnird, 
middle  spindle,  was  intended  for  the  test  of  tubing,  and  provision 
made  for  applying  lon^tudinal  loads  of  tension  or  compression  with 
transverse  stresses.  Ine  middle  spindle  also  provides  a  place  for 
testing  special  shafts,  at  higher  speeds  of  rotation,  for  which  a  De 
Laval  steam  turbine  has  been  procured,  having  a  normal  rated  speed 
of  38,000  rotations  per  minute. 

Shafts  are  tested  imder  different  maximum  fiber  stresses,  the 
experiments  having  covered  a  range  of  from  10,000  to  60,000  poxmds 
per  square  inch. 
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Plate  No.  7  shows  a  ball-bearing  thrust  shaft  testing  apparatus. 
It  has  a  capacity  for  the  test  of  baUs  up  to  a  diameter  of  2i  inches, 
which  may  be  run  at  diflFerent  speeds  and  under  different   thrust 

Eressures.  The  thrust  pressure  is  obtained  by  means  of  a  caUbrated 
eUcal  spring,  located  on  the  spindle  of  the  apparatus  and  rotating 
therewitn.  Two  circles  of  balls  are  acted  upon,  between  which  a 
middle  racer  is  placed,  embraced  by  end  ones.  The  middle  racer 
has  ball  tracks  on  each  face — the  end  racers  on  one  end  each.  The 
latter  rotate  with  the  shaft,  while  the  former  remains  stationary, 
excepting  a  rotary  movement  over  a  small  angle,  which  is  indicated 
by  an  arc  and  pointer.  The  angle  indicated  by  the  pointer  is  a  meas- 
iu:e  of  the  frictional  resistance  of  the  bearing.  A  collar  is  clamped 
to  the  middle  racer  with  arms  on  opposite  sides,  diametrically.  The 
upper  arm  is  held  against  angular  movement  by  heUcal  springs,  but 
responds  to  the  frictional  resistance  of  the  bearing,  and  moves  over 
an  angle,  greater  or  less,  according  to  the  resistance  of  the  bearing. 
The  number  of  rotations  of  the  spindle  is  shown  by  a  coimter  attached 
thereto. 
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Plate  No.  8  represents  the  comparator  for  line  standard  and  end 
standard  measures  of  length.  It  nas  a  capacity  for  laying  off  dis- 
tances up  to  100  inches.  It  consists  of  a  cast-iron  bed  with  a  ton^e 
along  the  upper  side  for  carrying  the  microscope  carriages,  and  with 
seats  on  eacn  side  on  which  line  or  end  standard  bars  are  placed. 
The  bearing  surfaces  of  the  tongue  and  seats  for  standard  bars  are 
finished  closely  approaching  true  planes,  parallel  to  each  other.  There 
is  an  independent  platform  along  one  side  of  the  bed,  on  which  may 
be  placed  and  adjusted  apparatus  for  examination. 
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Plate  No.  9  is  a  larger  view  of  one  of  the  microscope  carriages. 
It  shows  a  microscope  in  position,  which  is  provided  with  an  objective 
with  illuminating  prism  for  opaaue  objects,  and  filar  micrometer  eye- 

[)iece.  A  contact  point  for  end  measures  is  shown,  clamped  in  the 
ug  attached  to  the  body  of  the  micrometer  carriage.  The  distance 
traveled  by  the  microscope  carriage  in  laying  off  any  desired  length 
is  read  off  by  observations  upon  the  graduations  of  a  line  standard 
bar.  The  line  standard  bar  for  use  with  the  comparator  was  gradu- 
ated by  Mr.  George  M.  Bond. 
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Plate  No.  10  shows  a  system  of  test  levers  for  loads  of  tension,  of 
50,000  pounds  capacity.  It  was  made  by  the  Falkenau-Sinclair 
Machine  Company,  from  a  design  by  Mr.  o.  W.  Bramwell.  It  is  a 
self-contained  system,  and  may  be  attached  to  horizontal  testing 
machines  for  purposes  of  comparison,  in  the  same  manner  that  tensile 
test  pieces  witn  threaded  ends  are  attached.  The  weight  of  the  levers 
is  taken  by  a  traveling  crane  or  other  means,  from  which  the  system 
is  suspended  at  the  height  of  the  center  line  of  the  machine  under 
comparison. 
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.  An  extensometer  with  both  indicating  dial  and  screw  micrometer 
is  shown  by  plate  No.  11.  The  instrument  is  also  provided  with 
an  arc  and  pomter,  which  may  be  used  instead  of  the  dial.  As  here 
shown,  the  extensometer  is  in  position  on  a  test  piece  of  10  inches  gauged 
length.  In  the  construction  of  the  instrument  there  are  two  beams, 
one  of  which  has  an  oflFset  and  over-laps  the  other.  Each  beam  carries 
a  gibbed  block  with  conical  point  for  making  contact  with  the  speci- 
men. These  blocks  may  be  slid  into  position  and  there  clamped  to 
accommodate  specimens  of  any  gauged  length  from  1  inch  upward. 
The  beams  partake  of  the  movements  of  the  test  piece  witnin  its 
gauged  length.  The  overlapping  part  of  one  beam  runs  between 
rollers — two  above  and  one  beiow  it.  The  rollers  are  0.10  inch  diame- 
ter each,  carefully  ground  to  cylindrical  form,  and  work  between 
scraped  surfaces.  The  lower  roller  carries  the  dial  or,  when  an  arc  and 
pointer  is  used,  it  carries  the  pointer.  The  beams  are  pressed  together, 
with  sufficient  force  upon  the  rollers  to  prevent  tneir  slipping,  by 
means  of  a  small  helical  spring  contained  in  the  cylindrical  top  of  the 
instrument,  acting  through  a  pivoted  foot  attached  to  the  T-shaped 
end  of  the  piston  within.  The  dial  is  graduated  to  read  to  thousandths 
of  an  inch,  the  arc  and  the  screw  micrometer  to  half-thousandths  of 
an  inch  each.  Ten-thousandths  of  an  inch  are  taken  by  estimation.  Bv 
means  of  extension  rods  the  instrument  may  be  adapted  to  any  length 
of  specimen  up  to  the  limits  of  the  testing  machine.  It  is  used  upon 
compression  as  well  as  tension  specimens.  When  attached  to  wire  of 
small  diameter,  inverted  V-shaped  contact  blocks  are  used  in  place 
of  the  conical  points. 
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Plate  No.  12  shows  a  sliding  frame  with  screw  micrometer  in  posi- 
tion for  measuring  extensions.  The  micrometer  is  placed  in  the 
opposite  end  when  the  instrument  is  used  for  measuring  compressive 
strains.  This  instrument  is  adapted  for  specimens  10  mches  long  and 
upward.  The  extension  rods  are  one-half  inch  diameter.  The  sliding 
parts  are  usually  coimterweighted  to  reduce  frictional  resistance 
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Plate  No.  13  represents  a  mercury  column  extensometer.  It  has 
a  cylinder  with  piston  0.50  inch  diameter,  in  communication  with 
a  graduated  glass  tube  of  small  diameter  of  bore.  Glass  tubes  of 
different  diameters  may  be  used,  a  convenient  size  being  one  which 
gives  a  magnification  to  the  instrument  of  about  50.  The  instrument 
is  intended  for  rapid  work  on  material  which  has  a  sharply  defined 
elastic  limit.     It  is  held  in  position  by  the  hand,  keeping  the  conical 

f)oints  engaged  in  punch  marks  on  the  specimen,  whicn  define  the 
imits  of  the  gauged  length.  The  relations  of  stress  and  strain  are 
judged  of  durmg  the  progress  of  the  test,  and  a  change  in  the  rate 
of  elongation  readily  recognized.  The  plate  shows  the  instrument 
arranged  for  a  2-inch  gauged  length.  It  may  be  used  conveniently 
on  specimens  from  1  to  20  inches  long. 
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Plate  No.  14  represents  an  inclinometer.  It  consists  of  a  sensi- 
tive level  bubble  in  a  housing  mounted  over  a  frame  carrying  fixed 
and  micrometer  points.  Both  the  fixed  and  micrometer  points  are 
adjustable  as  regards  height.  The  housing  of  the  bubole  has  a 
coarse  adjustment  by  means  of  a  milled  nut  and  small  helical  spring. 
The  micrometer  head  is  graduated  to  read  half-thousandths  of  an 
inch.  The  sensitiveness  of  the  bubble  is  such  that  a  difl^erence  in 
level  of  one  ten- thousandths  of  an  inch  over  a  length  of  12  inches,  the 
distance  from  the  liiicrometer  to  the  fixed  point,  causes  a  travel  or  the 
bubble  of  0.05  inch. 
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Plates  Nos.  15,  16,  and  17  show  three  sets  of  micrometer  pomts 
for  the  measurement  of  interior  diameters.  The  set  represented  by- 
plate  No.  15  has  a  normal  range  from  2  to  4 J  inches,  advancing  by 
naif  inches.  Inasmuch  as  the  micrometer  screw  has  a  travel  of  0.10 
inch  each  way  from  the  zero  mark,  the  total  range  of  the  set  is  from 
1.9  inches  to  4.6  inches.  The  extension  pieces  are  graduated  and 
adjusted  to  the  definite  lengths  which  the  instrument  is  intended 
to  define.  Plate  No.  16  represents  a  set  of  points  having  a  capacity 
of  from  4  to  12  inches,  advancing  by  inches.  The  micrometer  screw 
has  a  travel  of  1  inch.  The  extension  pieces  are  graduated  and 
adjusted  to  definite  lengths.  This  set  comprises  7  extension  pieces, 
the  longest  of  which  is  not  shown  by  the  plate.  Plate  No.  17  repre- 
sents a  set  of  points  with  which  intermediate  wooden  bodies  are  used. 
It  has  a  capacity  of  from  10  inches  upward,  advancing  by  lengths  of  5 
inches  eacn.  The  micrometer  screw  has  a  travel  of  1.  inch.  The 
steel  extension  point  has  a  travel  of  5  inches.  Adjustment  of  this 
instrument  to  a  definite  length  is  done  by  means  of  the  comparator, 
the  measuring  points  of  which  are  brought  to  the  required  distance 
apart.  In  order  to  facilitate  adjustment  of  this  instrument  to  a 
fixed  length,  with  the  micrometer  reading  initiallv  at  zero,  an  adjust- 
ment of  the  point  of  the  extension  piece  is  provid.ed. 
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For  measurements  of  exterior  diameters  the  micrometer  and  fixed 
points  are  used  which  are  shown  on  plate  No.  18.  These  are  used  in 
steel  caliper  arms,  lagged  with  wood,  in  sizes  advancing  by  lengths  of 
5  inches  each.  The  micrometer  screw  has  a  travel  of  0.25  inch  each 
way  from  the  zero  line.  The  adjustment  of  the  points  in  the  caliper 
arms  is  done  by  means  of  the  comparator,  or  by  reference  to  end 
standards  of  length.  To  facilitate  adjustment  to  definite  lengths, 
with  the  micrometer  at  zero,  the  fixed  pomt  is  provided  with  an  adjust- 
able contact  point. 
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It  is  customary  to  lay  off.  initially,  the  stems  of  tensile  specimens 
ihto  sections  1  inch  long  eacn  and  to  measure  the  extension  of  each 
of  the  several  inch  sections  after  rupture.  Plates  Nos.  19  and  20 
show  the  devices  which  are  employed  for  this  purpose.  Plate  No.  19 
shows  multiple  punches  of  3, 6,  and  10  inches  length,  respectively,  for 
the  initial  laying  off  of  specimens  into  inch  sections.  The  stems  of 
the  individual  punches  work  in  their  respective  beams  in  holes  spaced 
1  inch  apart,  center  to  center.  The  end  points  of  each  beam  are 
from  0.01  to  0.02  inch  longer  than  the  intermediate  points.  This 
aids  in  keeping  the  punch  in  place,  the  terminal  points  being  the  first 
ones  used. 

Plate  No.  20  shows  three  graduated  beams,  on  one  of  which  are 
two  sliding  blocks  carrying  conical  points,  one  being  provided  with 
a  vernier  plate.  In  use  the  sUding  blocks  are  adjusted  on  one  of 
the  beams,  the  shorter  block  clamped  in  place  and  the  longer  one  left 
movable.  The  conical  point  of  the  movable  block  is  successively 
brought  into  each  of  the  punch  marks  defining  the  inch  sections  of 
the  specimen,  the  conical  point  of  the  fixed  block  being  held  in  one  of 
the  end  punch  marks  dunng  this  time.  The  several  reading  of  the 
vernier  of  the  movable  bloclc  thus  indicate  the  elongated  distances, 
and  the  differences  of  readings  indicate  the  elongation  of  each  inch 
section  into  which  the  specimen  was  initially  laid  off. 

The  machines  and  apparatus  above  described,  and  not  otherwise 
designated,  were  designed  by  Mr.  Howard,  in  charge  of  the  testing 
laboratory,  much  of  the  apparatus  having  been  made  in  the  machine 
shop  attached  to  the  laboratory. 

The  ecjuipment  further  comprises  a  microscopic  outfit  for  the 
examination  of  steels  and  other  opaque  objects  and  making  photo- 
micrographs of  the  same.  There  are  electrical  and  optical  pyrome- 
ters, electric  and  gas  furnaces  for  specimens  of  small  sizes,  a  polishing 
wheel,  and  also  a  cement  briquette  tensile  testing  machine.  There  is 
a  fully  equipped  chemical  laboratory  for  iron  and  steel  and  other 
materials  of  construction  and  for  the  examination  of  oils,  and  also 
provided  with  photographic  apparatus.  The  main  room  of  the  test- 
mg  laboratory  is  provided  with  an  electric  traveling  crane  of  5  ton 
capacity.     A  small  machine  shop  is  attached,  containing  tools  for  the 

Preparation  of  test  pieces  and  for  the  construction  of  special  testing 
xtures  and  apparatus. 
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3-INCH  R.  F.  GUNS. 


SPECIMENS  FROM  TUBES,  JACKETS,  LOCKING  HOOPS, 
BREECHBLOCKS,  AND  BREECH  BUSHING. 
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3-inoh  b.  f.  guns. 
Tube. 


38 


Marks,  g!^' 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2", 


No.  8191. 


ioadsper 
square 
indL 

Elongation 
permch. 

Soooeasive 
elongation 
perinch. 

Ftennanent 

set. 

SuooesidTe 
pennanent 

set. 

Remarks. 

POMMfo. 

1,000 
5^000 
30,000 
40,000 
60,000 
56,000 
60,000 
65,000 
67,000 
68,000 
69,000 

n,ooo 

72,000 
106,600 

Inch, 

a 

.00010 
:00C80 

.UOUO 
.00160 
.00170 
.00160 
.00200 
.00210 
.00225 
.00320 
.00470 
.00575 
.00660 

Inch. 

a 

.00010 
.00070 
.00090 
.00040 
.00020 
.00010 
.00020 
.00010 
.00015 
.00006 
.00150 
.00106 
.00075 

Inch, 

a 

a 

Inch, 

a 

a 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

a 

a 

General  eummary. 

Tensile  strangth  per  square  indi  of  original  section pounds . .  106, 500 

Elastic  limit  per  sqnare  inch  of  original  section do . . .    07, 000 

Elongation  per  inch  after  ruptore inch. .       .  185 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00210 

Reduction  in  diameter  at  point  of  rupture do . . .       .115 

Reduction  in  area  after  rupture,  per  cent  of  original  section 4a  3 

Position  of  rupture 1'.09  from  the  neck 

Character  of  broken  surface all^ 

Elongation  of  inch  sections ".14,  ".2^ 

H.  Doc.  26,  59-2 3 
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3-inoh  e.  f.  guns. 
Tube. 


No.  8196. 

Marks,  ^i^' 

Diameter,  '^.605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


loads  per 
square 
Tnch. 

Elongation 
perlnch. 

Successive 

elongation 

perlnch. 

Permanent 

set. 

Successive 

permanent 

set. 

Remarks. 

PfmnU. 
1,000 
6,000 
10,000 
30,000 
40,000 
50,000 
56,000 
60,000 
65,000 
66,000 
67,000 
66,000 
69,000 
70,000 
71,000 
72,000 
110,600 

inch. 

0. 

.00010 
.00025 
.00080 
.00116 
.00140 
.00160 
.00180 
.00190 
.00200 
.00230 
.00335 
.00600 
.00750 
.00600 
.00906 

/ncft. 

a 

.00010 
.00015 
.00065 

.00035 
.00025 
.00020 

.00010 
.00010 
.00030 
.00105 
.00265 
.00160 
.00090 
.00105 

Indh. 

a 

0. 

Inch. 

0. 

0. 

Initial  load. 

0.              '      0. 

Elastic  limit 
Tensile  strength. 





General  summary. 

Tensile  strength  per  square  Inch  of  original  section pounds. .  110, 500 

Elastic  limit  per  square  Inch  of  original  section do. . .    67,000 

Elongation  per  Inch  after  rupture inch. .         .  18 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00230 

Reduction  In  diameter  at  point  of  rupture do . . .       .095 

Reduction  In  area  after  rupture,  per  cent  of  original  section 34 

Position  of  rupture "  .90  from  the  neck 

Character  of  broken  surface elUqr,  oblique 

Elongation  of  Inch  sections '^.11,  ".26* 
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3-inch  r.  f.  guns. 
Tube. 
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No.  8200. 

Marks,  ^iT 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

squans 

Inch. 


EloooaUon 
perTncfa. 


Suooesfllve 
elongation 
perinch. 


Fennaneot 

set. 


StiooeMlve 

peimanent  | 

set. 


Remarks. 


Pound*. 

1,000 

5.000 

10,000 

30.000 

40,000 

50,000 

55,000 

60,000 

65.000 

66,000 

67,000 

09,000 

70,000 

112,500 


Inch, 

0. 

.00016 
.00025 
.00065 
.00145 
.00150 
.00166 
.OQISO 
.00200  ; 
.00435  I 
.00605 


.00960 


Inch. 
0. 
.00015 
.00010 
.00060 
.00030 
.00035 
.00015 
.00015 
.00020 
.00235 
.00260 
.00155 
.00100 


Inch.  Inch, 


0. 
0. 


Initial  load. 


Elastic  limit. 


Tensile  strength. 


Geiieral  sumvnary. 

Tensile  strength  per  square  Inch  of  original  section pounds. .  112,500 

Elastic  limit  per  square  Inch  of  original  section do. . .    65,000 

Elongation  per  Inch  after  rupture Inch. .         .  19 

Elongation  per  Inch  under  strain  at  elastic  limit do. . .    .  00200 

Reduction  In  diameter  at  point  of  rupture do. . .       .095 

Reduction  In  area  after  rupture,  per  cent  of  original  section 34 

Position  of  rupture '.8  from  the  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".13,  •■'.26* 
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3-INOH    R.    F.    GUNS. 

Tube. 


No.  8203. 

Marks,  gl'i^' 

Diameter,  ''.SOS. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


loads  per 
square 
inch. 

Elongation 

Successive 
elongation 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

PwinU. 
1,000 
5,000 
10,000 
90,000 
50,000 
55,000 
60,000 
65,000 
66,000 
67,000 
68,000 
109,000 

Inch, 

a 

.00015 
.00035 
.00005 

.00160 
.00180 
.00105 
.00220 
.00275 
.00655 
.00765 

Indi. 

a 

.00015 
.00020 
.00060 
.00065 
.00020 
.00015 
.00025 
.00055 
.00380 
.00110 

/ncft. 

a 
a 

Inch, 

a 
a 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

a 

a 

' 

i 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  100,000 

Elastic  limit  per  square  inch  of  original  section do. . .    65,000 

Elongation  per  inch,  after  rupture inch . .       .186 

Elongation  per  inch  under  strain  at  elastic  limit do...    .00220 

Reduction  in  diameter  at  point  of  rupture do. . .       .005 

Reduction  in  area  after  rupture,  per  cent  of  original  section 34 

Position  of  rupture l"from  the  neck 

Character  of  broken  surface 

Elongation  of  inch  sections '.24*, ' 
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3-lNCH    R.    F.    GUNS. 

Tube. 

No.  8204. 

Marks,  ^/m""* 

Diameter,  '^.605. 

Sectional  area,  .20  square  inch. 

Ganged  length,  2", 
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loads  per 
square 
inch. 

Elonsatlon 
per  inch.  / 

Suooesslye 

elongation 

perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pound*. 
1,000 
5,000 
10,000 
30,000 
40,000 
50,000 
55,000 
60.000 
64,000 
66,000 
66,000 
67,000 
68,000 
60,000 
70,000 
106,000 

Inch. 

a 

.00015 
.00035 

.00110 
.00145 
.00180 
.00105 
.00210 
.00225 
.00320 
.00465 
.00540 
.00626 
.00715 
.00640 

Inch. 

a 

.00015 
.00000 
.00075 
.00035 
.00086 
.00015 
.00015 
.00015 
.00005 
.00145 
.00075 
.00085 
.00090 
.00125 

Inch. 

a 
a 

Inch. 

a 
a 

Initial  load. 
Elastic  limit. 

a 

a 

] 

'  r  *  ■ 

I     

1 

Tensile  strength. 

1  . 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  106,000 

Elastic  limit  per  square  inch  of  original  section do. . .    64,000 

Elongation  per  inch  after  rupture Inch. .       .  170 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00225 

Reduction  In  diameter  at  point  of  rupture ^ do. . .       .065 

Seduction  in  area  after  rupture,  percent  of  original  section aa  7 

Position  of  rupture ".75  from  the  neck 

Character  of  broken  surface sUky 

Elongation  of  inch  sections "  .23»,  ".11 
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3-inch  r.  f.  guns. 
Tube. 


No.  8207. 

Marks,  g!?Si«^ 

Diameter,  '^.605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


AppUed 

loadeper 

square 

Inch. 

EloDsation 
per  Inch. 

Successive 

elongation 

perlnch. 

Permanent 
set. 

Suooessive 

permanent 

set. 

! 

Remarks. 

Pound*. 
1,000 
5,000 
10,000 
30,000 
50,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
112,000 

Inch. 

a 

.00010 
.00025 
.00065 

.00145 
.00160 
.00180 
.00200 
.00220 
.00500 
.00820 
.00900 
.01000 

Inch. 

a 

.00010 
.00015 
.00060 
.00060 
.00015 
.  (XNXJO 

.00020 
.00280 
.00320 
.00080 
.00100 

Inch. 

a 
a 

Inch. 

a 
a 

Initial  load. 

1 

a 

0. 



Elastic  limit. 



Tensile  strength. 



General  8umm<nry. 

Tensile  strength  per  square  inch  of  original  section pounds. .  112,000 

Elastic  limit  per  square  inch  of  original  section do. ..    70,000 

Elongation  per  Inch  after  rupture inch..       .170 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00220 

Reduction  in  diameter  at  point  of  rupture do. . .       .105 

Reduction  in  area  after  rupture,  per  cent  of  original  section 37. 1 

Position  of  rupture at  middle  of  stem 

Character  of  brolcen  surface. silky 

Elongation  of  inch  sections ".19*.  ".16* 
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3-inch  ^.  f.  oun8. 
Tube. 

No.  8210. 

Marks,  ^^ 

Diameter,  '^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2'^. 
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aquaie 
inch. 

Elongation 
periDCh. 

Suooesaive 

elongation 

perlnch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
6,000 
10,000 
90,000 
60,000 
66,000 
00,000 
66,000 
70,000 
71,000 
72,000 
73,000 
107,600 

Inch. 

0. 
.00010 
.00025 
.00100 

.ooieo 

.00185 
.00105 
.00210 
.00236 
.00276 
.00825 
•00990 

Inch. 

0. 
.00010 
.00015 
.00076 
.00060 

.00010 
.00015 
.00025 
.00040 
.00560 
.00105 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

ElasUc  limit. 
Tensile  strength. 

0. 

0. 

GfTieral  summary. 

Tensile  strength  per  square  inoh  of  original  section pounds. .  107,500 

Elastic  limit  per  square  inch  of  original  section do. . .    70, 000 

Elongation  per  incn  afte  r  niptu  re inch . .       .206 

Elongation  per  inch  under  strain  at  elastic  limit do...    .00236 

Reduction  in  diameter  at  point  of  rupture do...       .125 

Reduction  in  area  after  rupture,  per  cent  of  original  section 43.3 

Position  of  rupture '.  0  from  the  nedk 

Character  of  broken  surface sllln^ 

Elongation  of  inch  sections '.13^ '.2^ 
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3-INOH   B.   F.   GUNS. 

Tube. 


No.  8211. 

Marks,  §KSc^^ 

Diameter,  ''.SOS. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2", 


loads  per 
■quare 
Inch. 

ElonntioD 
perlnoh. 

Soooeaalve 
elongation 
perlnoh. 

Permanent 
set. 

Suoceulye 

permanent 

■et. 

Remarks. 

1,000 
5,000 
10,000 
30,000 
60,000 
55,000 
60,000 
65,000 
70,000 
73,000 
73,000 
74.000 
75,000 
114,600 

0. 
.00010 
.00025 
.00005 

.00160 
.00175 
.00190 
.00210 
.00230 
.00240 
.00425 
.00765 
.00tt5 

/ncft. 

0. 
.00010 
.00015 
.00070 
.00066 
.00015 
.00015 
.00090 
.00000 
.00010 
.00185 
.00340 
.00130 

0. 
0. 

0. 
0. 

InitUl  lead. 

Elastlcllmlt. 
Tensile  strength. 

0. 

0. 

Oeneral  summary, 

TensUe  strength  per  square  inch  of  original  section poonds. .  114,500 

Blastlo  limit  per  square  inch  of  original  section do. . .    72,000 

Elongation  per  inch  after  rapture inch. .       .  175 

Elongation  per  inch  onder  strain  at  elastic  imit do. . .    .00240 

Reduction  in  diameter  at  point  of  rapture do. . .       .005 

Reduction  in  area  after  rapture,  per  cent  of  original  section 34 

Posl tlon  of  rapture ' .  W  from  the  neck 

Character  of  broken  surface silky 

Elongation  of  Inch  sections Ml,  •.24« 
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3  INCH   R.    F.    GUNS. 

Tube. 

No.  8212. 

Marks,  3-Bl. 

Diameter,  ^^.507. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2", 
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loads  per 
square 
Inch. 

Elongation 
per  Inch. 

Soooesslve 

elongation 

perincli. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

1,000 
5,000 
10,000 
30,000 
60,000 
65,000 
60,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
72,000 
100,500 

/ncft. 

0. 
.00015 
.00036 
.00000 
.00160 
.00180 
.00195 
.00225 
.00236 
.00265 
.00275 
.00306 
.00355 
.00450 
.00600 

0. 
.00015 
.00020 
.00055 

.00070 
.00020 
.00015 
.00030 
.00010 
.00020 
.00020 
.00030 
.00050 
.00005 
.00140 

7»cA. 

0. 

0. 

/ncft. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 

0. 

0. 

1 

1 

1 

1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  109,500 

Elastic  limit  per  square  inch  of  original  section do. . .    65,000 

Elongation  per  inch  after  rupture inch. .       .  200 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00225 

Reduction  in  diameter  at  point  of  rupture do. . .       .115 

Reduction  In  area  after  rupture,  per  cent  of  original  section 40. 3 

Position  of  rupture at  middle  of  stem 

Character  of  broicen  surface sllicy 

Elongation  of  inch  sections •.21«,  M9* 
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3-inch  r.  f.  guns. 

Tube. 

No.  8218. 


Marks,  Sgli^' 

^606 


Diameter,    

Sectional  area,  .20  square  inch. 
Gauged  length,  2". 


square 
inch. 

EloQcatiao 
permch. 

Suoeessive 

elongation 

perlnch. 

PermBLnent 
set. 

Soooeasive 

pennanpnt 

set. 

Remarks.                       | 

! 

1,000 
5,000 
10,000 
30,000 
50,000 
55,000 
60,000 
65,000 
70,000 
72,000 
73,000 
74,000 
75,000 
113,000 

/weft. 
0. 
.00015 
.00^30 
.00100 
'     .00170 
.00180 
.00200 
.00215 
.00235 
.00245 
.00640 
.00095 
.01065 

a 

.00015 
.00015 
.00070 
•      .00070 
.COOIO 
.00020 
.00015 
.00020 
.00010 
.00395 
.00355 
.00070 

0. 
0. 

0. 
0. 

Initial  load. 
Elastic  limit. 

6.              6. 

; 

::::::::::::i:::::::::::: 

Tensile  strength. 

1 

General  summwry. 

Tensile  strength  per  square  inch  of  original  aectlon pounds. .  113,000 

Elastic  limit  per  square  inch  of  original  section do. ..    72,000 

Elongation  per  inch  after  rupture inch. .       .  180 

Elongation  per  inch  under  strain  at  elastic  limit do.. .    .00246 

Reduction  in  diameter  at  point  of  rupture do. . .       .095 

Reduction  in  area  after  rupture,  per  c<2nt  of  original  section 34 

Position  of  rupture ' .70  f  rom  the  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections '.10,  *.26* 
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3-INOH   R.    F.    GUNS. 
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Tube. 
No.  8263. 


Marks,  g^?M^^ 

Diameter,  ''.505. 

Sectional  area,  .20  square  inch. 

Ganged  length,  2", 


loaosper 
square 
inch. 

Elongatloo 
perTnch. 

Sacoesslve 

elongation 

per  Inch. 

Permanent 
set. 

Suooesslve 

pexmanent 

set. 

Remarks. 

PwmU. 
1,000 
5,000 
10,000 
90,000 
50,000 
55,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
112,000 

Inch. 

0. 

.00010 
.00025 
.00100 
.00170 
.00190 
.00205 
.00225 
.00255 
.00355 
.00525 
.00875 

Inch. 

0. 
.00010 
.00015 
.00075 
.00070 
.00020 
.00015 
.00020 
.00030 
.00100 
.00170 
.00150 

Inch, 

0. 

0. 

0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

6. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  112,000 

Elastic  limit  per  square  Inch  of  original  section do. . .    70,000 

Elongation  per  inch  alter  rupture inch..       .200 

Elongation  per  Inch  under  strain  at  elastic  limit do. . .    .00255 

Reduction  In  diameter  at  point  of  rupture do. . .       .125 

Reduction  in  area  after  rupture,  per  cent  of  original  section 43.3 

Posi tlon  of  rap t u re at  m  iddle  of  stem 

Character  of  broken  surface silky 

Elongation  of  inch  sections '.23*,M7* 
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3-inch  r.  f.  guns. 
Tube. 


No.  8267. 

Marks,  WrT 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2''. 


loads  per 
square 
Inoh. 

Elongation 
perlnch. 

SuooessiTe 
elongation 

Permanent 
set. 

Successive 

permanent 

set. 

Remarlcs. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
50,000 
55,000 
60,000 
66,000 
68,000 
60,000 
70,000 
71,000 
72,000 
73,000 
113,600 

Inch. 
0. 
.00020 
.00085 

.00105 
.00180 
.001d5 
.00210 
.00220 
.00240 
.00250 
•00820 

Inch. 
0. 
.00020 
.00015 

Inch. 
0. 

Inch. 

0. 

0. 

Initial  load.                                        | 

.00070 
.00075 
.00015 

1 

0. 



0. 

.00015 
.00010 
.00020 

Elastic  limit 
Tensile  strength. 

.00010 
•00070 

.00300 

.00070 



.00505    ;        .00115 
.00660           .00165 



1                     1 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  113,500 

Elastic  limit  per  square  inch  of  original  section do. . .    00,000 

Elongation  per  inch  after  rupture inch. .        •  100 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00250 

Reduction  in  diameter  at  point  of  rupture do. . .       .115 

Reduction  in  area  after  rupture,  per  cent  of  original  section 40. 3 

Position  of  rupture ".60  from  the  neck 

Character  of  broken  surface si  1  ky 

Elongation  of  loch  sections 'Ml,  ".27* 
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3-inch  r.  f.  oun8. 

Tube. 

No.  8271. 
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Marks,  f^M' 

Diameter/  .506. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2''. 


square 
Ineh. 

EloDflcatiOD 
perlneh. 

Suooeaaive 

eionntion 

perlDCh. 

Permanent 
set. 

Suooessive 

pemutnent 

set. 

Remarks. 

Poumdt, 
1,000 
slooo 

10,000 

Inch. 
0. 
.00010 

.flOOSS 

Inch. 

0. 

.00010 
.00015 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initialload. 

30,000            nnot» 

.00060 
.00065 

.00020 
.00025 
.00010 
.00550 
.00045 
.00100 

50,000 
55,000 
60,000 
63,000 
HOOO 
65,000' 
66,000 
106,000 

.00150 
.00170 
.00106 
.00205 
.00755 
.00800 
.00000 



0. 

6. 



Elaaticlimit. 
Tensile  streaigth. 

1 

General  summary. 

Tensile  sCiength  per  square  inch  of  original  section potmds. .  106,000 

Elastic  limit  per  sqaars  Inch  of  original  section do. . .    63, 000 

Elongation  per  inch  after  raptors inch..       .  106 

Elongation  per  inch  under  strain  at  elastic  limit do...    .00006 

Reduction  in  diameter  at  point  of  rapture do...       .  106 

Reduction  in  area  after  rapture,  per  cent  of  original  section 37.1 

Poflitlon  of  rapture 1".  2  from  the  neok 

Character  of  broken  surface silky 

Elongation  of  indisecUons ".16,  "J4* 
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3-INCH   R.    F.   GUW8. 
TtTBE. 


No.  8278. 

Marks,  ^M®» 

Diameter,  ^".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2^. 


loads  per 
square 
inob. 

perTnch. 

Soooeaaive 

elongation 

perlnch. 

Permanent 
set. 

Soooesdve 

permanent 

set. 

Remarks. 

Pounds, 

1,000 

5,000 

10,000 

30,000 

50,000 

55,000 

60,000 

65,000 

67,000 

68,000 

69,000 

70,000 

114,000 

Inch. 

0. 

.00010 
.00025 

.00150 
.00175 
.00190 
.00210 
.00220 
.00255 
.00350 
.00670 

Inch. 

0. 

.00010 
.00015 
.00055 
.00070 
.00025 
.00015 
.00020 
.00010 
.00035 
.00095 
.00320 

Indk. 

0. 

0. 

Indi. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

General  summary. 

Tensile  stvength  per  square  inch  of  original  section pounds. .  114,000 

Elastic  limit  per  square  inch  of  original  section do. . .    67,000 

Elongation  per  inch  after  rupture iflch. .       .  170 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .00220 

Reduction  in  diameter  at  point  of  rupture do. . .       .106 

Reduction  in  area  after  rupture,  per  cent  of  original  section 37. 1 

Position  of  rupture ".60  from  the  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".23*,  'Ml 
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3-INCH   R.    F.    OUN8. 

Tube. 

No.  8280. 

Marks,  ^^» 

Diameter,  ''.SOS. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 
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loads  per 
square 
inch. 

Elongation 
perTncb. 

Suooessive 

elongation 

per  inch. 

Permaiient 
set. 

Suooeaflive 

permanent 

set. 

Remarks. 

Pfmndi. 
1,000 
5,000 
10.000 

ao.ooo 

50,000 
55,000 
60,000 
65,000 
66,000 
67,000 
68,000 
09,000 
112,500 

Inch. 

0. 

.00010 
.00025 
.00005 
.00165 
.00175 
.00200 
.00220 
.00230 
.00305 
.00075 
.01050 

Iwh. 

0. 
.00010 
.00015 
.00070 
.00070 
.00010 
.00025 
.00020 
.00010 
.00075 
.00670 
.00075 

Jndk. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  112, 500 

Elastic  limit  per  square  inch  of  original  section do . . .    66, 000 

Elongation  per  Inch  after  rupture inch. .       .  200 

Elongation  per  inch  under  strain  at  elastic  limit do...    .00390 

Reduction  in  diameter  at  point  of  rupture do. . .       .115 

Reduction  in  area  after  rupture,  per  cent  of  original  section 4a  3 

Position  of  rupture ".90  from  the  neok 

Character  of  broken  surface silky 

Elongation  of  inch  sections. "26.*,  ",14 
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3-inoh  r.  f.  odn8. 
Jacket. 


No.  8193. 

Marks,  §?Si^* 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Oauged  length,  2". 


loads  per 
InoD. 

ElongatioD 

Successive 
elongation 

Permanent 
set. 

BoooessiTe 

pemnaneDt 

set. 

Remarks. 

Pottfub. 
1,000 
5,000 
30,000 
40,000 
50,000 
55,000 
60,000 
65,000 
68,000 
60,000 
70,000 
71,000 
72,000 
73,000 
74,000 
115,500 

Inch. 

a 

.00010 
.00065 

.00110 
.00145 
.00160 
.00175 
.00105 
.00215 
.00220 
.00240 
.00260 
.00285 
.00360 
.00470 

Inch, 

a 

.00010 
.00075 
.00025 
.00035 
.00015 
.00015 
.00020 
.00020 
.00005 
.00020 
.00020 
.00025 
.00065 
.00120 

a 

0. 

a 
a 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

a 

a 

General  mimmary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  115,500 

Elastic  limit  per  square  inch  of  original  section do . . .    60, 000 

Elongation  per  indi  after  rupture inch..       .155 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00220 

Reduction  in  diameter  at  point  of  rupture do. . .       .065 

Reduction  in  area  after  rupture,  per  cent  of  original  section 30. 7 

Position  of  rupture ".80  from  the  neck 

Character  of  broken  surface silky,  65  per  cent;  granular,  45  per  cent 

Elongation  of  inch  sections *.»♦,  '.00 
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3-inoh  b.  f.  guns. 
Jaokbt. 

No.  8188. 

Marks,  SSJi^* 

Diameter,  ^^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2^. 
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loadeper 
square 
Inch. 

Elongation 
perlnrii. 

Soooessive 
elongation 

wt. 

Sacoesslve 

panMUMtit 

set. 

RemailcB. 

Pounds. 
1,000 
6,000 
10,000 
30,000 
40,000 
60,000 
66,000 
60,000 
66,000 

70,000 

71.000 
72,000 
78,000 
74,000 
76,000 
110,600 

Inch. 
0. 

.00010 
.00030 
.00090 
.00126 
.00160 
.00180 
.00106 
.00216 
/     .00236 
t     .00390 
.00786 
.00660 
.00960 
.01070 
.01140 

Inch. 

a 

.00010 
.00020 
.00060 
.00035 
.00036 
.00020 
.00015 
.00020 
.00020 
.00166 
.00396 
.00076 
.00100 
.00110 
.00070 

Inch. 
a . 
a 

Inch. 

0. 

0. 

Initlalload. 

Elaatio  limit. 
Tensile  strength. 

} 

/ 

General  mmmary. 

Tensile  fltnogth  per  square  inch  of  original  section pounds..  110,600 

Elastic  limit  per  square  inch  of  original  section do...    70,000 

Blongation  per  inch  after  rupture Inch..       .175 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00236 

Reduction  in  diameter  at  point  of  rupture do. . .       .075 

Reduction  in  area  after  rupture,  per  cent  of  original  section 27. 4 

Position  of  mptuie '.0  from  the  neck 

Chancter  of  broken  surface silky 

Elongation  of  inch  seoUons 'oa^.'.n 

H.  Doc.  26,  60-2 4 
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3-inoh  r.  f.  guns. 
Jacket. 


No.  8199. 

Marks,  g§^!i^* 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Oauged  length,  2^. 


loads  per 
square 
inch. 

KlonsatlOD 
perTnch. 

Soooesdve 

elODflitlon 

periDch. 

Peimanent 
set. 

Boooessi^e 

permanent 

set. 

Remarks. 

Poundt. 
1,000 
5,000 
10,000 
30,000 
«,000 
60,000 
56,000 
60,000 
66.000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
72,000 
103,000 

Inch. 

0. 

.00015 
.00030 
.00100 
.00130 
.00166 
.00180 
.00196 
.00215 
.00226 
.00236 
.00370 
.00640 
.00686 
.00755 
.00876 

Inch. 

0. 
.00015 
.00015 
.00070 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

•00030 

.00036 
.00015 
.00016 
.00020 
.00010 
.00010 
.00135 
.00170 
.00145 
.00070 
.00120 



0. 

0. 



General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  103,000 

Elastic  limit  per  square  inch  of  original  section do. . .    67,000 

Elongation  per  inch  after  rupture Inch. .       .  155 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00236 

Reduction  in  diameter  at  point  of  rupture do. ..       .066 

Reduction  in  area  after  rupture,  per  cent  of  original  section 23. 9 

Position  of  rupture at  middle  of  stem 

Character  of  broken  surface Bhky 

Elongation  of  inch  sections ".13*/'.18* 


Digiti 


ized  by  Google 


3-inch  r.  f.  guns. 
Jacket. 

No.  8202. 

Marks,  "^'^^^ 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2^. 
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loaosper 
square 
Inch. 

Elongation 
per  Inch. 

Successive 

elongation 

per  Inch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
«,000 
SO,  000 
55,000 
60,000 
64,000 
65,000 
66,000 
67.000 
68,000 
106,500 

Inch. 

a 

.00010 
.00035 
.00110 
.00130 
.00160 
.00185 
.00205 
.00215 
.00300 
.00875 
.OOMO 
.01035 

Inch. 

0. 

.00010 
.00025 
.00075 
.00020 
.00030 
.00025 
.00020 
.00010 
.00065 
.00575 
.00065 
.00005 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

0. 



0. 

Elastic  limit. 



Tensile  strength. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  106,500 

Elastic  limit  per  square  inch  of  original  section do. . .    64,000 

Elongation  per  inch  after  rupture inch. .       .  100 

Elongation  per  inch  under  strain  at  elastic  limit do.. .    .00215 

Reduction  in  diameter  at  point  of  rupture do. . .       .005 

Reduction  In  area  after  rupture,  per  cent  of  original  section 34 

Position  of  rupture ".00  from  the  neck 

Character  of  brolcen  surface silky,  oblique 

Elongation  of  inch  sections '^'.27*,  ''.ll 
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3-IXCH   R.    F.    GUNS. 


Jacket. 

No.  8205. 

Marks,  ^.5- 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2^. 


AppUed 
loads  per 

iDCO. 

Elongation 
per  Inch. 

Suooessive 

elongation 

perlnch. 

Permanent 
set. 

Suooesslve 

permanent 

set. 

Remarks. 

Pounds. 
1.000 
5.000 
10.000 

ao,ooo 

50.000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
103,000 

Inch, 

0. 

.00010 
.00030 
.00005 
.00155 
.00175 
.00210 
.00525 
.00^10 
.00800 
.00805 

Inch. 
0. 
.00010 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

.00065 

.00060 
.00020 
.00035 

.00315 
.00185 
.00000 
.00005 

.00005    •        .00005 

1 

1 

i 

::::::::::::i:::::::::::: 

1 

1 

General  gummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  108,000 

Elastic  limit  per  square  inch  of  original  section do. ..    60.000 

Elongation  per  inch  after  rupture inch. .       .  165 

Elongation  per  Inch  under  strain  at  elastic  limit do. ..    .00210 

Reduction  in  diameter  at  point  of  rupture do. . .       .005 

Reduction  in  area  after  rupture,  per  cent  of  original  section 34 

Position  of  rupture '.9  from  the  neck 

Character  of  broken  surface silky 

Elongation  ol  Inch  sections M2, '.21* 
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3-inch  b.  f.  qun8. 
Jackxt. 

No.  8208. 

Marks,  1014-M. 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2''. 
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loaosper 
square 
inch. 

EiongatloD 
per  Inch. 

Soooessive 

elODjnition 

perinch. 

Pemutncnf 

Soooessive 

pennanent 

set. 

Remarks. 

Poundt. 
1,000 
5,000 
10,000 
30,000 
50,000 
55,000 
60.000 
62,000 
63,000 
64,000 
65,000 
66,000 
80,500 

Inch. 

0. 

.00015 
.00030 
.00100 
.00175 
.00185 
.00210 
.00220 
.00260 
.00475 
.00700 
.00870 

Inch. 

0. 

.00015 
.00015 
.00070 
.00075 
.00010 
.00025 
.00010 
.00040 
.00215 
.00225 
.00170 

Inch. 

0. 

0. 

Inch, 

0. 

0. 

InlUal  load. 

Elastic  limit. 
TeosUe  strengtli. 

0. 

0. 

!!*.'.'. !!!.'!1...!! 

1         .     . 

i 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .    09, 600 

Elastic  limit  per  square  inch  of  original  section do. . .    62,000 

Elongation  per  Inch  after  rupture inch. .       .215 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .00220 

Reduction  in  diameter  at  point  of  rupture do. . .       .135 

Boduction  In  area  after  rupture,  percent  of  original  section 46.2 

Position  of  rupturp I'M  from  the  neclc 

Character  of  broken  surface "ilky 

Elongation  of  inehSBCttons ".I7,".2e» 
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3-INCH    R.    F.    GUNS. 


Jacket. 

No.  8209. 

Marks,  f  ^^* 

Diameter,  ^.605. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


loads  per 
square 
inch. 

Elongation 
perTnch. 

Soooesslve 
elongation 
permch. 

Peimanent 
aet. 

Suooeadve 

pennanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
50,000 
55,000 
60.000 
05,000 
70,000 
71,000 
72,000 
73,000 
74,000 
112,000 

Inth. 

0. 

.00010 
.00020 
.00085 
.00150 
.00175 
.00106 
.00210 
.00230 
.00260 
.00350 
.00475 
.00675 

Inch. 

0. 

.00010 
.00010 
.00065 
.O0OG5 
.00025 

.00015 
.00020 
.00020 
.00100 
.00125 
.00200 

/Ik*. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

-.00005        -.OOtXK 

Elastic  limit. 
Tensile  strength. 

1 

1 

1 

1 

r 

1 

I 

General  summary. 

Tensile  strength  per  aqoareinoh  of  original  section pounds. .  112,000 

Elastic  limit  per  square  inch  of  original  section do. . .    70,000 

Elongation  per  Incn  after  rupture inch. .       .  185 

Elongation  per  inch  under  strain  at  elastic  limit do. ..    .00230 

Reduction  in  diameter  at  point  of  rupture do . . .       .105 

Reduction  in  area  after  rupture,  per  cent  of  original  section 37. 1 

Position  of  rupture 1"  from  the  neck 

Character  of  broken  surface sillw 

Elongation  of  inch  sections 'Ml  ".a^ 
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3-INOH    B.   F.    GUN8. 

Jaoket. 
No.  8213. 

X/r^^U^    66766  Bi 

Marks,  sTiii 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2'^. 
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square 
Inch. 

Elongation 
perinch. 

Suooesslve 

elongation 

perinch. 

Permanent 
set. 

Suooesslve 

peimanent 

set. 

Remarks. 

Pound*. 
1,000 
5,000 
10,000 
30,000 
50,000 
55,000 
60,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
107,000 

Inch. 

0. 

.00010 
.00020 
.00085 
.00155 
.00170 
.00185 
.00195 
.00200 
.00220 
.00440 
.00650 
.00755 

Inch. 

a 

.00010 
.00010 
.00065 
.00070 
.00015 
.00015 
.00010 
.00005 

.00220 
.00210 
.00105 

Inch. 

a 
a 

Inch. 

a 
a 

Inltlalload. 

Elastic  Umlt. 
Tensile  strength. 

a 

a 

Gerieral  summary. 

Tensile  strength  per  square  Inch  of  original  section pounds. .  107,000 

Elastic  limit  per  square  Inch  of  original  section do . . .    64,  OOO 

Elongation  per  inch  after  rupture inch . .      '.160 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00200 

Reduction  in  diameter  at  point  of  rupture do . . .       .105 

Reduction  in  area  after  rupture,  per  cent  of  original  section 37. 1 

Position  of  rupture ".65  from  the  neck 

CbAraoter  of  broken  surface silky,  oblioue 

Elongation  of  inch  sections ''.06,  "  .22* 
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3-inoh  b.  f.  guns. 
Jaokbt. 


No.  8217. 

Marks,  gfSi^' 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2^. 


loads  per 
sqoare 
liich. 

EloDgatUm 
permoh. 

Soooeaaive 

elongation 

perinch. 

rermansnt 
set. 

Suooeid^ 

permaiMDt 

set. 

Remarks. 

Poundt. 
1,000 
6,000 
10,000 

ao,ooo 

60,000 
65,000 
60,000 
65,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
117,000 

.00010 

.00085 

.00166 
.00180 
.00106 
.00216 
.00240 
.00260 
.00270 
.00425 
.00485 
.00600 

Inch, 

a 

.00010 
.00016 
.00060 
.00070 
.00026 
.00016 
.00020 
.00026 
.00010 
.00020 
.00165 
.00060 
.00115 

Inch. 

a 
a 

Indi. 

a 

a 

Initial  load. 

SUstio  limit. 
Tensile  strength. 

a 

a 

Oeneral  summary. 

Tensile  strength  per  square  inch  of  original  section. pounds. .  117,000 

Elastic  limit  per  sqaare  inch  of  original  section do. . .    71,000 

Elongation  per  incn  after  rapture inch. .       .  165 

Elongation  perinch  under  strain  at  elastic  limit do.. .    .00260 

Redaction  in  diameter  at  point  of  rupture do. . .       .086 

Reduction  in  area  after  rupture,  per  cent  of  original  section 80. 7 

Position  of  rupture ".5  from  the  neck 

Character  of  broken  surface silky;  tnwe  of  gianalation 

Elongation  of  inch  sections '.21*,  '.10 
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3-lNOH   R.    F.    aUW8. 

Jacket. 

No.  8219. 

Marks,  glSc^'^- 

Diameter,  ^.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2**. 
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loads  per 
square 
Inch. 

per  inch. 

SoooesalTe 
elon^tlon 
per  inch. 

Permanent 
set. 

Soooesalve 

permanent 

set. 

Remarks. 

POVIMfo. 

1,000 
5,000 
10,000 
30,000 
50,000 
65,000 
60,000 
64,000 
66,000 

67,000 
107,000 

/ncA. 

0. 

.00015 
.00030 
.00005 
.00105 
.00175 
.00200 
.00215 
.00270 
.00750 
.00900 

0. 
.00015 
.00015 
.00065 
.00070 
.00010 
.00085 
.00015 
.00055 
.00480 
.00150 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

Elasticlimit. 
Teaaile  strength. 

1 

0.                   0. 

( 

1 

t 

QmerolL  summary. 

Tensile  strength  per  square  inoh  of  original  section. pounds. .  107,000 

Elastic  limit  per  square  inch  of  original  section do. . .    64,000 

Elongation  per  inen  after  rupture inch. .       .  180 

Elongation  per  inch  under  strain  at  elastic  limit do . . .    .  00215 

Reduction  in  diameter  at  point  of  rupture do.. .       .085 

Seduction  In  area  after  rupture,  per  cent  of  original  sectiou 30.7 

Position  of  rupture ^9  from  the  neck 

Character  oi  broken  surface silky,  in  part  granular 

Elongation  of  inch  sections ^22*,  '.14 
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3-inch  r.  f.  guns. 
Jaoket. 


No.  8220. 
Marks,  1014-M. 
Diameter,  ^.505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2" . 


loaosper 
square 
Inch. 

ElongatloD 
per loch. 

Suooeasive 

elongation 

per  inch. 

Permanent 
set. 

Soooesflive 

pemmnent 

aet. 

Remarks. 

Pwuid9. 
1,000 
5,000 
10.000 
30,000 
50,000 
55,000 
60,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 

Inch. 

a 

.00015 
.00030 

.00100 
.00170 
.00180 
.00200 
.00220 
.00235 
.00300 
00600 
.00740 
.00625 

Inch. 
a 

.00015 
.00015 
.00070 
.00070 
.00010 
.00020 
.00020 
.00015 
.00065 
.00300 
.00140 
.00065 

Inch. 

0. 

0. 

Inch. 

a 

0. 

Initial  load. 

Elastic  limit. 
TensUe  strength. 

0. 

0. 

' 

106,000 





1 

General  summary. 

Tensile  stxBngth  per  square  inch  of  orieinal  section pounds. .  106, 000 

Elastic  limit  per  square  Inch  of  original  section do . . .    65, 000 

ElongaUon  per  inch  after  rupture Inch. .       .  200 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    . 00220 

Reduction  in  diameter  at  point  of  rupture do. . .       .145 

Reduction  in  area  after  rupture,  per  cent  of  original  section 40. 1 

Position  of  rupture at  middle  of  stem 

Character  of  broken  surface silky 

Elongation  of  Inch  sections '.24* '.16 
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3-inoh  r.  f.  guns. 
Jaoxjst. 

No.  8268. 

Marks,  I^tTb?" 

Diameter,  ''.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 
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loads  per 
aqoare 
inch. 

Elongation 
perinch. 

SuooeMlve 

elongation 

perinch. 

Permanent 
set. 

Soocesaive 
set. 

Remarks. 

PcmiMfo. 
1,000 
5,000 
10,000 

ao,ooo 

60,000 
56,000 
60,000 
66.000 
60,000 
70,000 
71,000 

a 

.00015 
.00025 
.00100 
.00175 
.00100 
.00200 
.00220 
.00240 
.00425 
.00700 

Inch. 

0. 

.00015 
.00010 
.00075 
.00075 
.00015 
.00010 
.00020 
.00020 
.00186 
.00875 
.00210 

Inch. 

a 

0. 

Inch. 

a 

0. 

Initial  load. 

Elastic  Umit. 
TensUe  strength. 

0. 

0 

1 

72,000            .00910 

110,600 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  110,600 

Elastic  limit  per  square  Inch  of  original  section do. . .    60,000 

Elongation  per  inch  after  rupture inch. .       .  100 

Elongation  per  inch  under  strain  at  elastic  Umit do. . .    .  00240 

Reduction  in  diameter  at  point  of  rupture do. .  -       .106 

Reduction  in  area  after  rupture,  per  cent  of  original  section 37. 1 

Position  of  rupture '.55  from  the  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections '.26*  M2 
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3-inch  r.  f.  guns. 
Jagsst. 


No.  8269. 

Marks,  BTiH 

Diameter,  *'.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2*. 


loads  per 
square 
inch. 

Eloo^atiOD 
per  inch. 

Soooeaatve 

elongation 

per  inch. 

Permanent 
set. 

Snooessive 

permanent 

aet. 

Remarks. 

Ponndi. 
1,000 
5,000 
10,000 
30,000 
50,000 
55,000 
60,000 
02,000 
63,000 
64,000 
65,000 
66,000 
104,000 

Inch. 

a 

.00010 
.00025 
.000»5 

.00160 
.00170 
.00185 
.00105 
.00215 
.00270 
.00445 
.00650 

Inch. 

0. 

.00010 
.00015 
.00070 
.00055 
.00020 
.00015 
.00010 
.00020 
.00055 
.00175 
.00205 

Inch, 

0. 

0. 

Inch. 

0. 

0. 

InitUlioad. 

0. 

6. 

Elastic  limit. 
Tensile  strength. 

Oeneral  aummary. 

Tenalle  strength  per  square  inch  of  original  section pounds. .  104,000 

Elastic  limit  per  square  inch  of  original  section do. . .    62,000 

Elongation  per  inch  after  rupture inch. .       .  200 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .00195 

Reduction  in  diameter  at  point  of  rupture do . . .       .135 

Reduction  in  area  after  rupture,  per  cent  of  original  section 46. 2 

Poflition  of  rupture ".00  from  the  neck 

Character  of  broken  suztaoe silky 

Elongation  of  inch  sections •.29*,  Ml 
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3-inch  r.  f.  guns. 

Jacket. 

No.  8270. 
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Marks,  htiM. 

Diameter,  *.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2", 


loads  per 
sqaare 
&ch. 

ElOAgatioo 
permeh. 

Suooesalve 

elongation 

per  Inch. 

Permanent 
Bet. 

Soooessive 

Remarks. 

1,000 
5,000 
10,000 
30,000 
50,000 
55.000 
00,000 
05,000 
70,000 
71,000 
72,000 
73,000 
74,000 
104,600 

Zncft. 

0. 

.00015 
.00035 
.00065 
.00150 
.00160 
.00176 
.00190 
.00215 
.00220 
.01360 
.01400 
.01530 

Inth. 

a 

.00016 
.00010 
.00060 
.00065 
.00010 
.00015 
.00015 
.00025 
.00006 
.01140 
.00040 
.00130 

0. 
0. 

Inth, 

0. 

0. 

Initial  load. 

Eiastio  limit. 
Tensile  strength. 

0. 

0. 

QtfMrdi  summcary. 

Tensile  strength  per  square  inch  of  original  section pounds..  104,600 

Elastic  limit  per  square  inch  of  original  section do. . .    71, 000 

Elongation  per  inch  after  rupture Inch. .       .  105 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    . 00220 

Reduction  In  diameter  at  point  of  rapture do...       .105 

Reduction  In  area  after  rapture,  per  cent  of  original  section 37. 1 

Position  of  raptu  re '.60  from  the  neck 

Character  of  broken  surface sUky 

Elongation  of  inch  sections Ml,'.28* 
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3-INCH   B.    F.   GUNS. 

Jacket. 


No.  8273. 

Marks,   mtiM 

Diameter,  *.506. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


loads  per 
square 
Inch. 

Elongation 
per  inch. 

Soooessive 

elongation 

perlnch. 

Permanent 
set. 

Soooessivc 

permanent 

set. 

Reniarlcs. 

POttfMU. 

1,000 
68,000 
60,000 
70,  COO 
71,000 
72.000 
107,000 

Inch, 
0. 

/ncA. 
0. 

Inch. 
0. 

Inch. 
0. 

Initial  load. 
Elastic  limit. 

.0064.1 
.00825 
.01060 
.01175 

.00645 
.00280 
.00235 
.00115 



Tensile  strengtli. 

Oeneral  gummary. 

Tensile  strength  per  square  incti  of  original  section pounds. .  107,000 

Elastic  limit  per  square  inch  of  original  section do. . .    68,000 

Elongation  per  incn  after  rupture inch. .       .  205 

Reduction  in  diameter  at  point  of  rupture do. . .       .115 

Reduction  in  area  atter  rupture,  per  cent  of  original  section 40. 3 

Position  of  rupture at  middle  of  stem 

Character  of  broken  surface silky 

Elongation  of  Inch  sections '.20*  '.21* 
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3-inch  r.  f.  guns. 
Jacket. 

No.  8274. 

Marks,  J?T^i^ 

Diameter,  *.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2'. 
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AppUed 

loadiB  per 

square 

fiich. 

Elonsatlon 
per  Inch. 

Soooessive 

elonintlon 

perlnch. 

Permanent 
set. 

Soooessive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
60,000 
55,000 

69,000 
70,000 
71,000 

73,000 
106,000 

Inch. 

0. 

.00010 
.00025 
.00060 
.00160 
.00160 
.00175 
.00190 
.00200 
.00220 
.00920 
.00950 
.01085 

Inch. 
0. 

.00010 
.00015 
.00056 
.00070 
.00010 
.00015 
.00015 
.00010 
.00020 
.00700 
.00030 
.00136 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

ElasUo  limit. 
Tensile  strength. 

0. 

0. 





General  summary. 

Tensile  strength  per  square  Inch  of  original  section pounds. .  106, 000 

Elastic  limit  per  square  inch  of  original  section do. . .    60, 000 

Elongation  per  Inch  after  rupture inch. .       .160 

Elongation  per  Inch  under  strain  at  elastic  limit do. . .    . 00200 

Reduction  in  diameter  at  point  of  rupture do. . .       .065 

Redaction  in  area  after  rupture,  per  cent  of  original  section 24 

Position  of  rupture at  middle  of  stem 

Character  of  broken  surface silky 

Elongation  of  inch  sections 'M6*,  ".16* 


Digitized  by  VjOOQ IC 


64 


3-inoh  r.  f.  oun8. 
Jacket. 


No.  8276. 

Marks,  §?Si^' 
Diameter,  *'.505. 
'  Sectional  area,  .20  square  inch. 
Ganged  length,  2", 


loaosper 

square 

Inch. 

Elongation 
perlneli. 

SoooMsive 
elongation 
perlnoh. 

set. 

Suooesslve 
pennaneat 

set. 

Remarks. 

1,000 
6,000 
10,000 
30,000 
50,000 
65,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
104,500 

In^. 

0. 

.00015 
.00030 
.00110 
.00185 
.00200 
.00216 
.00226 
.00265 
.00560 
.00750 
.00620 

Insh. 

a 

.00015 
.00016 
.00060 
.00075 
.00015 
.00015 
.00010 
.00030 
.00206 
.00200 
.00070 

Inch. 

0. 

0. 

0. 
0. 

Initial  load. 
Elastlcllmlt. 
Tensile  8trei«tb. 

0. 

0. 

G^mtqI  summary. 

Tensile  strength  per  square  inch  of  oricdnai  section pounds. .  104,500 

Elastic  limit  per  square  inch  of  original  section do. ..    60,000 

Elongation  per  Inch  after  rupture inch. .       .  190 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .00216 

Reduction  in  diameter  at  point  of  rupture do. ..       .  116 

Reduction  in  area  after  rupture,  per  cent  of  originfti  section 40.S 

Position  of  rupture *. »  from  the  neck 

Character  of  broken  surface silky 

E  longation  of  inch  sections '.H,*.27* 
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3-inch  r.  f.  guns. 
Jaoket. 

No.  8277. 

Marks,  1St%^' 

Diameter,  *'.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2", 
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Applied 

loads  per 

square 

Inch. 

Elongation 
per  Inch. 

Sixx»88lve 

elongation 

per  inch. 

Inch. 

0. 
.00010 
.00015 
.00055 
.00080 
.00020 

.mYA) 

.00010 
.00125 
.00395 
.00115 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
50,000 
55,000 
60,000 
65,000 
66,000 
67.000 
68,000 
60,000 
109,500 

Inch, 

0. 
.00010 
.00025 
.00060 
.00160 
.00180 
.00200 
.00220 
.00230 
.00355 
.00750 
.00666 

Inch. 

0. 

0. 

Inch. 

0. 

0. 

Initial  load. 

0. 

.0 

Elastic  limit. 

Tensile  strength. 

General  summary. 

TttnsUa  stnmgth  per  square  inch  of  original  section I>oundB. .  109, 500 

Elastic  limit  per  square  inch  of  original  section do. . .    66, 000 

Elongation  per  inch  after  rupture inch. .       .  175 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .00230 

Reduction  in  diameter  at  point  of  rupture do. . .       .106 

Redaction  in  area  after  rupture,  per  cent  of  original  section 37. 1 

Poeitlon  of  rapt  ure • .  50  from  the  neck 

Cliaracter  of  broken  surface silky 

Elongation  of  inch  sections '.24*, '.U 

H.  Doc.  26,  59-2 5 
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3-INCH    R.    h\    GUNS. 

Jacket. 
No.  8281. 


Marks/kTo^*^» 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2^^. 


Applied 

loads  per 

square 

inch. 

Pounds. 
1,000 
5.000 
10,000 
30.000 
50,000 
55.000 
60,000 
65,000 
66,000 
67.000 

Elongation 
per  Inch. 

elongation 
per  Inch. 

Permanent 
sot. 

Inch. 

0. 

0. 

iSucccsslve 

permanent 

sot. 

Inch. 

0. 

0. 

Remarks. 

Inch. 

0. 

.00015 
.00030 
.00090 
.00150 
.00170 
.00190 
.002a'> 
.00210 
.00215 
.00885 
.00990 
.01050 
.01130 

Inch. 

0. 
.00015 
.00015 
.OOOtM) 
.00060 
.00020 
.00020 
.00015 
.00005 
.00005 
.00670 
.00105 
.00060 
.00080 

Initial  load. 

0. 

0. 

Elastic  limit. 

68,000 

Tensile  strength. 

i        69.000 

70,000 

71.000 
104.000 





General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  104,000 

Elastic  limit  per  sauare  inch  of  original  section do. . .    67,000 

Elongation  per  incn  after  rupture inch. .        .  185 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .00215 

Reduction  in  diameter  at  point  of  rupture do. . .        .105 

Reduction  in  area  after  nipture,  per  c«nt  of  original  section 37. 1 

Position  of  rupture ".80  from  the  neck 

Character  of  broken  surface silky,  oblique 

Elongation  of  inch  sections '^'.24*, '  .13 


Digitized  by  VjOOQ IC 


3-inch  r.  f.  guns. 
Locking  Hoop. 
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No.  8195. 

Marks,  S^^^' 

Diameter,  ''.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2" , 


loa^r;;?r  I  Elongation!  l^^^Z  '  i'c 


1,000 
5,000 
10,000 
30,000 
40,000 
50,000- 
56,000 
58,000 
59,000 
GO, 000 
61,000 
62,000 
63,000 
64,000 


^^-   I    set. 


Inch. 

0. 
.00010 
.00030 
.00090 
.00125 
.00160 
.00175 
.00185 
.00190 
.00480 
.00680 
.00740 
.00820 
.00885 


0. 
0. 


Inch. 

0. 

0. 


Initial  load 


Inch. 
0. 

.00010 

.00020 

.00060 

.00035 

.00035 

.00016 

.00010 

.00006     ,  Elastic  Umlt. 

.00290     1 1 

.00200     1 

.00060     

.00080     

.00065 ! 


:i 


103,500    I ■ I Tensile  strength. 


General  summary. 

Tensiks  strength  per  square  inch  of  original  section pounds. .  103, 500 

Elastic  limit  per  square  inch  of  original  section do. . .    50,000 

.  Elongation  per  incn  after  rupture inch. .        .  210 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .00190 

Reduction  in  diameter  at  point  of  rupture do. . .        .115 

Reduction  in  area  after  rupture,  per  cent  of  origlnul  sr ction 40. 3 

Position  of  rupture 1'  from  the.neclc 

Character  of  broken  surface slllcy 

Elongation  of  inch  sections M5, '.27* 
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3-INCfl    R.    F.    QUN8. 

Locking  Hoop. 
No.  8206. 


Marks,  f^i^^^^ 

Diameter,  ''.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2", 


Applied 

loads  per 

square 

inch. 

Elongation 
per  inch. 

Successive 

elongation 

perinch. 

Permanent 
set. 

Inch. 

0. 

0- 

Successive 

permanent 

sot. 

Inch. 

0. 

0. 

Remnrks. 

Pound*. 

1,000 

5,000 

10,000 

Inch. 

0. 
.00015 
.00030 
.00085 
.00155 
.00170 
.00185 
.00300 
.00585 
.00710 
.00815 

Inch. 

0. 
.00015 
.00015 
.00065 
.00070 
.00015 
.00015 
.00115 
.00285 
.00125 
.00105 

Initial  load. 

30,000 

50,000 
55,000 

0. 

0. 

Elastic  limit. 
Tensile  strength. 

58,000 

59,000 

()0,000 

61,000 

62,000 

08,500 

General  summary. 

Tensile  strength  per  sqnare  in6h  of  original  section pounds. .  98, 500 

Elastic  limit  per  sauare  Inch  of  original  section do. ..  58,000 

Elongation  per  inch  after  rupture inch. .      .240 

Elongation  i>er  inch  under  strain  at  elastic  limit do. . .  .00185 

Reduction  in  diameter  at  point  of  rupture do. . .      .145 

Reduction  in  area  after  rupture,  per  cent  of  driginal  section 40. 1  . 

Position  of  rupture 1"  from  the  neck 

Character  of  broken  surface sillcy 

Elongation  of  inch  sections '.16,  '.32* 
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3-INCH    R.    F.    GUNS. 

Breechblock. 

No.  8192. 

Marks,  ^Sf^*^- 

Diameter,  ''.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2*. 
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loads  per 
square 
Inch. 

El(Hisation 
perinch. 

ill 

Permanent 
set. 

Successive 

permanent 

set. 

Inch. 

0. 

0. 

Remarks. 

Pounds. 
1,000 
5,000 
30,000 
40,000 
50,000 
55.000 
60,000 
65,000 
70,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
112,500 

Inch. 

0. 
.00015 
.00095 
.00125 
.00165 
.00180 
.00105 
.00215 
.00235 
.00250 
.00290 
.00490 
.00600 
.00730 
.00840 

Inch. 

0. 

.00015 
.00060 
.00030 
.00040 
.00015 
.00015 
.00020 
.00020 
.00015 
.00040 
.00200 
.00110 
.00130 
.00110 

Inch. 

0. 

0. 

Initial  load. 
ElasUo  limit. 

0. 

0. 

Tensile  strength. 



GeTieral  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  112, 500 

Elastic  limit  per  sauare  Inch  of  original  section do. . .    72,000 

Elongation  per  Incn  after  rupture inch. .         .  17 

Elongation  per  inch  under  strain  at  elastic  limit do. ..    .00250 

Reduction  in  diameter  at  point  of  rupture do. . .       .085 

Reduction  in  area  after  rupture,  per  cent  of  original  section 30. 7 

Position  of  rupture '.CO  from  the  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections ".24*,  ".10 
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3-INGH    R.    F.   GUNS. 


Breechblock. 

No.  8194. 

Marks,  ^«»^- 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2\ 


\olt%%  ,  Elon^ition  l^^Zl '  Permiment  ^^^;tlL 

Remarks. 

Paundi. 
1,000 
6,000 
30,000 
40,000 
50.000 
55,000 
(50,000 
65.000 
70,000 
71,000 
72.000 
73,000 
74.000 
75.000 
100,500 

Inch. 

a 

.00010 
.00080 
.00110 
.00145 
.00100 
.00185 
.00200 
.00220 
.00510 
.008.50 
.00930 
.01025 
.01175 

1 
Inch.      '      Inch. 

a             a 
.00010  1    a 

.00070     

Inch. 

a 

0. 

Initial  load. 

.  00030      

^ 

.00035     1      0. 
.00015    ' 

a 

.00025     1 

.00015     

. 00020     

Elastic  limit. 

.00290     

.  OOIMO     

.00080     

.00095     

.  00150     

Tensile  strength. 

General  summcary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  109, 500 

Elastic  limit  per  square  inch  of  original  section do. . .    70, 000 

Elongation  per  inch  after  rupture inch. .       .  185 

Elongation  per  inch  under  strain  at  clastic  limit do. . .    .  00220 

Reduction  in  diameter  at  point  of  rupture do. . .       .105 

Reduction  in  area  after  rupture,  per  cent  of  onginal  section 37. 1 

Position  of  rupture 1'  from  the  neck 

Character  of  broken  surfat c silky 

Elongation  of  inch  sections '.22*,  '.15 
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3-INCH    R.    F.    GUNS. 

Breechblock. 
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No,  8197. 
Marks,  49-5. 
Diameter,  '.505. 
Sectional  area,  .20  square  inch. 
Gauged  length,  2''. 


AppUed 

loads  por 

square 

Inch. 


Pounds. 
1,000 
5,000 
10,000 
30,000 
40,000 
50,000 
55,000 
60,000 
HOOO 
65,000 
66,000 
67,000 
68,000 
09,000 
102,000 


Elongation 
per  inch. 


Inch. 

0. 
.00010 
.00020 
.00085 
.00125 
.00160 
.00175 
.00190 
.00205 
.00220 
.00275 
.00325 
.00435 
.00620 


Successive 
elongation 
per  inch. 


Permanent 


Successive 

permanent 

set. 


Remarks. 


Inch. 
0. 
I      0. 


IncJi. 

0. 

0. 


Initial  load. 


I 


Inch, 
0. 

.00010 

.00010 

.00065    [. 

.00040    1. 

.00035 

.00015    L 

.00015     . 

.00015    , Elastlclimlt. 


0. 


.00015 
.00055 
.00050 
.00110 
.00185 


I 


Tensile  strength. 


General  summary. 

Tensile  strength  per  square  inch  of  original  section poimds. .  102,000 

Elastic  limit  per  square  inch  of  original  section do. . .    64,000 

Elongation  per  inch  after  rupture inch. .       .  155 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .00205 

Reduction  In  diameter  at  point  of  rupture do. . .       .085 

Reduction  in  area  after  rupture,  per  cent  of  original  section 30. 7 

Portion  of  rupture at  middle  of  stem 

Character  of  broken  surface silky,  serrated 

Elongation  of  inch  sections M4*,  M7* 
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3-inch  r.  f.  guns. 
.  Breechblock. 

No.  8201. 


Marks,  49-5. 

Diameter,  ''.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2*. 


AppUed 

iOGkas  per 

square 

Elonsatlon 
perlnch. 

Suooessive   »«-_-«-«♦ 
elongation  |  Permanent 

Successive 

permanent 

set. 

Inch. 

0. 

0. 

Remarks. 

Poundt. 
1,000 
6,000 
10,000 
30,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
76,000 
80,000 
85,000 
90,000 
94,000 
95,000 
96,000 
97,000 
96,000 
123,000 

Inch. 

0. 
.00010 
.00030 
.00105 
.00140 
.00155 
.00175 
.00105 
.00215 
.00240 
.00255 
.00270 
.00290 
.00310 
.00335 
.00350 
.00365 
.00380 
.00425 
.00525 

Inch. 

0. 

.00010 
.00020 
.00075 

Inch. 

0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

.00035 
.00015 
.00020 
.00020 
.00020 
.00025 
.00015 
.00015 
.00020 
.00020 
.00025 
.00015 
.00015 
.00015 
.00045 
.00100 

:::::::::::::::::::::::: 



General  summary. 

Tensile  strengtli  per  square  inch  of  original  section pounds. .  123,000 

Elastic  limit  per  square  inch  of  original  section do.. .    94,000 

Elongation  per  inch  after  rupture inch. .        .  115 

Elongation  per  inch  under  strain  at  elastic  limit do...    .00350 

Reduction  of  diameter  at  point  of  rupture do. . .        .065 

Reduction  in  area  after  rupture,  per  cent  of  original  section 24 

Position  of  rupture '.9  from  the  neck 

Character  of  broken  surface silky,  serrated,  oblique 

Elongation  of  inch  sections ».  1©",  '07 
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3-lNOH    R.    F.    GUNS. 
BBEEOHBLObK. 

No.  8215. 

Marks,  ^^•^- 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


78 


loaosper 
square 

Elongation 
permch. 

Soooesalve 

elongation 

perlnch. 

Permanent 
set. 

Inch. 
0. 

a 

Suooesstve 

permanent 

aet. 

Remarks. 

Pwmdt, 
1,000 
5,000 
10,600 
30,000 
50,000 
55,000 
60,000 
65,000 
70,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
114,000 

/ihA. 

0. 

.00010 
.00030 
.00100 
.00165 
.00180 
.00195 
.00210 
.00230 
.00235 
.00245 
.00200 
.00375 
.00420 
.00510 

0. 
.00010 

.00070 
.00065 
.00015 
.00015 
.00015 
.00020 
.00005 
.00010 
.00045 
.00065 
.00045 
.00000 

Inch. 

a 

0. 

Initial  load. 
Elastic  limit. 

0. 

0. 

Tensile  strengtli.     . 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  114,000 

Elastic  limit  per  square  inch  of  original  section do.. .    72,000 

Elongation  per  inch  after  rupture inch. .       .  195 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    . 00235 

Reduction  In  diameter  at  point  of  rupture do. . .       .106 

Reduction  in  area  after  rupture,  per  cent  of  original  section 37. 1 

Position  of  rupture at  the  middle  of  the  stem 

Character  of  broken  surlaoe silky 

Elongation  of  Inch  sections ".!»•,  ".20* 
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3-lNCH  R,   F.   GUNS. 
Breech  Bushing. 


No.  8214. 

Marks,  !Sr^'^"* 

Diameter,  ''.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2*. 


ioaas  per 
square 
inch. 

Elongation 
perinch. 

Inch. 

0. 
.00015 
.00035 
.00115 
.00175 
.00195 
.00215 
.00230 
.00250 
.00260 
.00280 
.00305 
.00335 
.00370 
.00425 

Snoceaslve 

elongation 

perinch. 

Inch. 

0. 
.00015 
.(KKKd) 
.00080 
.00060 
.00020 
.00020 
.00015 
.00020 
.00010 
.00020 
.00025 
.00030 
.00035 
.00055 

Permanent 
set. 

Inch. 

0. 

0. 

Suocesslve 

permanent 

set. 

Inch. 

0. 

0. 

Remarks. 

Pound*. 
1,000 
5,000 
10,000 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

30,000 

50,000 
55,000 

0. 

0. 

60,000 

. 

65,000 

70,000 



71,000 

72,000 

73,000 

74,000 

75,000 



76,000 

114,500 



General  aummary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  ii-^,  ")0 

Elastic  limit  per  square  Inch  of  original  section do. . .    71,000 

Elongation  per  inch  after  rupture inch. .        .  180 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .00260 

Reduction  in  diameter  at  point  of  rupture do. . .        .005 

Reduction  in  area  after  rupture,  per  cent  of  original  section 34 

Position  of  rupture ".9  from  the  neck 

Character  of  broken  surface sillcy,  oblique 

Elongation  of  inch  sections '^.24*. '' 12 
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3-INCH    R.    F.    GUNS. 
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TABULATION  OF  TENSION  SPECIMENS  FROM  .i-INCH  R.  F.  G  UNS. 

STEMS,  2"  LONG;  ".505  DIAMETER. 


No.  of 
test. 


8191 
8190 
8200 
8203 
8204 
8207 
8210 
8211 
8212 
8218 
8268 
8267 
8271 
8278 
8280 
8193 


8198 
8199 
8202 
8205 
8208 
8209 
8213 
8217 

8219 


8260 
8270 
8273 
8274 
8275 
8277 
8281 
8195 

8206 
8192 

8194 
8197 
8202 

8215 

I    8214 


Position 
In  gun. 


Tube.. 

...do.. 

...do... 
....do... 

...do... 
....do... 
....do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do.. 
Jacket., 


Loca- 
tion of 
speci- 
mens. 


Middle. 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 


Middle 
..do.. 
Outside' 
Middle. 
..do... 
..do... 
...do... 


...do... 
...do... 
...do... 
...do... 


...do.. 
...do.. 
...do.. 
...do.. 

...do 

...do...   Middle 

do do.. 

do do.. 

...do do .. 


...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
Locking 

hoop. 
...do... 
Breecli- 

block. 
...do... 
...do... 
...do... 


Middle. 

...do... 

...do... 

...do... 

...do... 

...do...( 

...do... 
Outside 
Middle.! 

...do...' 
...do...' 

...do.. 


...do...'  Middle. 

I 
Breech    ...do... 
bush-  , 


Elastic 
limit 
per 

square 
inch. 


Pounds, 
67,000 
67,000 
65,000 
65,000 
64,000 
70,000 
70.000 
72,000 
65,000 
72,000 
70,000 
60,000 
63,000 
67,000 
66,000 
69,000 


70,000 
67,000 
64.000 
60,000 
62,000 
70,000 
64.000 
71,000 

64,000 

65,000 
69,000 
62,000 
71.000 
68.000 
69,000 
60.000 
66,000 
67.000 
59,000 

58.000 
72,000 

70,000 
64,000 
94.000 

72,000 

71.000 


Tensile 
strength 

per 
square 
inch. 


Pounds. 
108.500 
110,500 
112.500 
109,000 
106,000 
112,000 
107,500 
114,500 
109,500 
113,000 
112.000 
113,500 
106.000 
114,000 
112.500 
115,500 


110.500 
103,000 
106,500 
103,000 
99,500 
112,000 
107,000 
117,000 

107,000 


Elon- 
gation. 


Perct. 
18.5 
l&O 
19.0 
18.5 
17.0 
17.0 
20.5 
17.5 
20.0 
l&O 
20.0 
19.0 
19.5 
17.0 
20.0 
15.6 


17.5 
15.5 
19.0 
16.5 
21.5 
18.5 
15.0 
15.5 


Con- 
trac- 
tion 
of 
area. 


106,000 

20.0 

110,500 

19.0 

104,000 

20.0 

104,500 

19.5 

107,000 

20.5 

106,000 

16.0 

104,500 

19.0 

109,500 

17.5 

104.000 

18.5 

103,500 

21.0 

98,500 

24.0 

112,500 

17.0 

109.500 
102.000 
123.000 

114,000 

114,500 


18.5 
16.5 
11.6 

19.6 

18.0 


.Vppeiiranic  of  frac- 
ture. 


Per  ti. 
40.3  i 
34.0  j 
34.0 

34.0  I 
30.7  I 

37.1  ; 
4^3 
34.0 
40.3 
34.0 
43.3 
40.3  ' 
37.1 
37.1 
40.3 
30.7 


27.4 
23.9 
34.0 
34.0 
46.2 
37.1 
37.1 
30.7 


lao  I    30.7 

49.1 
37.1 
46.2 
37.1 
40.3 
24.0 
40.3 
37.1 
37.1 
4a3 

49.1 
30.7 

37.1 
30.7 
24.0 

37.1 

34.0 


ent 


Silky 

Silky;  oblique. 
Silky 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Silky,   55  per  c 

granular,    45    per 
cent. 

Silky 

do 

Silky;  oblique 

Silky 

do 

..-.do 

Silky;  oblique 

Silky;  trace  of  gran- 
ulation. 
Silky;  in  part  granu- 
lar. 
Silky 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Silky;  oblique 
SUky 


...do. 
...do. 


do 

Silky;  serrated 
Silky;  serrated;  ob- 
lique. 
Silky 


Remarks. 


Breech  end. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 


Do. 

Do. 
Muzsle  end. 

Do. 

Do. 
Breech  end. 

Do. 

Do. 

Do. 

Do. 


Silky;  oblique. 


I 
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SPECIMENS  FROM  TUBE,  JACKETS,  HOOP,  BREECH 
BUSHING,  AND  SPINDLE. 
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Digiti 


zed  by  Google 
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6-inch  r.  f.  guns. 
Tube. 

No.  8279. 

Marks,  SSf^* 

Diameter,  ''.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2", 


79 


loads  per 
square 
ImJh. 

Elongation 
perlnch. 

Suooessive 

elongation 

perlnctL 

Permanent 
set. 

0. 
0. 

Successive 

permanent 

set. 

InOi, 

0. 

0. 

Remarks. 

1,000 
6,000 
10,000 
30,000 
50,000 
54,000 
65,000 
57,000 
58,000 
98,500 

Inch, 

0. 
.00010 
.00025 
.00075 
.00145 
.00155 
.00850 
.00405 
.00700 

Inch, 

0. 
.00010 
.00015 
.00060 
.00070 
.00010 
.00105 
.00055 
.00355 

IniUal  load. 
ElasUc  Umit. 

-.00005 

-.00005 

' 

Tensile  Strength  per  square  Inch  of  original  section pounds..    08,500 

Elastic  limit  per  square  inch  of  original  section do...    54,000 

Elongation  per  inch  after  rupture Inch..       .220 

Elongation  per  Inch  under  strain  at  elastic  limit do . . .    .00155 

Reduction  in  diameter  at  point  of  rupture do...       .106 

Reduction  In  area  after  rupture,  per  cent  of  original  section 37.1 

Position  of  rupture 1*.  12  from  the  neck 

Character  of  broken  surface sillcy;  trace  of  granulation 

Elongation  of  Inch  sections " '.28»,  M6 
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6-niOH  B.   F.   OUKS. 

Jaokbt. 


No.  8264. 

Marks,  btiO 

Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3^. 


loads  per 
square 
inch. 

Rlongation 
perTnch. 

Successive 

elongation 

perlnch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
40,000 
45,000 
60,000 
55,000 
60,000 
61,000 
62,000 
63,000 
64,000 
101,600 

/ncft. 
0. 
.000100 
.000300 
.001000 
.001333 
.001500 
.001667 
.001800 
.002000 
.002083 
.008167 
.006333 
.007233 

IncJL 

a 

.000100 
.000200 
.000700 
.000333 
.000167 
.000167 
.000133 
.000200 
.000033 
.001134 
.003166 
.000900 

Inch. 

0. 

0. 

Inch, 

0. 

0. 

Initial  load. 

Elastic  limit. 
Tensile  strsngth. 

0. 

0. 

General  summary. 

Tensile  Btrength  per  sqnarer inch  of  original  section pounds..  101,600 

Elastic  limit  per  square  incli  of  original  section do...    61,000 

Elongation  per  inch  after  rupture inch..       .177 

Elongation  per  indi  under  strain  at  elastic  limit do...  .000033 

Reduction  in  diameter  at  point  of  rupture do...       .134 

Reduction  in  area  after  rupture,  per  cent  of  original  section 4L0 

Position  of  rupture TMO  from  the  neck 

Character  of  brolran  surface silky 

Elongation  of  inch  sections ".29>,'M5/M0 
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6-inoh  r.  f.  guns, 
Jacebt. 

No.  8265. 

Marks,  '^/,S 

Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 

(janged  length,  S'^. 
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loads  per 
square 
fech. 

EloEiaatlon 
permch. 

Successive 
elODgatlon 

Permanent 
set. 

Successive 

pennanent 

set. 

Remarks. 

Pounds. 

1,000 

5,000 

10,000 

30,000 

40,000 

J50,000 

55,000 

00,000 

61,000 

62,000 

63,000 

64,000 

66,000 

106,000 

Indt. 

a 

.000133 
.000300 
.000033 
.001300 
.001633 
.001800 
.002000 
.003033 
.008200 
.002800 
.003133 
.004000 

Inch. 

a 

.000133 
.000167 
.000633 
.000367 
.000333 
.000167 
.000200 

Inch. 

a 
a 

Inch. 

a 
a 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

—.000033 

.   — O00Q83 

.000083 

.000167 
.000400 
.000533 
.000867 

(xeneral  tummary. 

Teoalle  straQgih  per  square  Inch  of  original  section pounds..  108,000 

Elastic  limit  per  square  inch  of  original  section do...    61,000 

Elongation  per  Inoi  after  rupture...: Inch..       .  150 

Elongation  per  Inch  under  strain  at  elastic  limit do...  .002033 

Redaction  In  diameter  at  point  of  rupture do...       .134 

Reduction  In  area  after  rupture,  per  cent  of  original  section 41. 0 

P(»sition  of  rupture 1".08  from  the  neck 

Cliaracter  of  broken  surface silky 

Elongation  of  inch  sections ".07,  ".10,  ".28* 

H.  Doc.  26,  5»-2 6 
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6-INCH    R.    F.    GUNS. 

Jacket. 


No.  8266. 

Marks,  SPt^' 

Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  W. 


loads  per 
square 
inch. 

Elongation 
permch. 

Inch. 
0.    . 
.000133 
.000267 
.000900 
.001267 
.001633 
.001800 
.001967 
.002033 
.002233 
.002867 
.004167 
.006600 

Successive 

elongation 

permch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
40,000 
60,000 
55,000 
60,000 
61,000 
62,000 

63,^J00 

64,000 
65,000 
102,400 

Inch. 
0. 
.000133 
.000134 
.000633 
.000367 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

.000366 
.000167 
.000167 
.000066 
.000200 
.000634 

-.000100 

-.000100 

.001300 
.002333 

. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds..  102,400 

Elastic  limit  per  SQuare  inch  of  original  section do...    61,000 

Elongation  per  inch  after  rupture « inch..       .147 

Elongation  per  Inch  under  strain  at  elastic  limit do...  .002033 

Reduction  in  diameter  at  point  of  rupture do...        .094 

Reduction  in  area  after  rupture,  per  cent  of  original  section 30. 6 

Position  of  rupture *.80  from  the  neck 

Character  of  broken  surface granular;  belt  of  silky  metal  across  fractured  surface 

Elongation  of  inch  sections '.  26*,  '.  1 1,  '.  08 
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6-inch  b.  f.  guns. 
Jack:et. 

No.  8282. 

Ajr««U«    60378  B4 

Marks,  btiM 

Diameter,  ".564. 

Sectional  area,  .25.square  inch. 

Gauged  length,  3''. 
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AppUed 

loads  per 

square 

inch. 

Elongation 
periiich. 

Successive 

elongation 

per  inch. 

Permanent 
set. 

Inch. 
0. 
0. 

Successive 

permanent 

set. 

Inch. 
0. 
0. 

Remarlcs. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
40,000 
50,000 
54,000 
55,000 
56,000 
57,000 
58,000 
91,200 

Inch. 
0. 
.000167 
.000333 
.001100 
.001433 
.001667 
.001867 
.004667 
.010667 
.011933 
.012833 

Inch. 
0. 
.000167 
.000166 
.000767 
.000333 
.000231 
.000200 
.002800 
.006000 
.001266 
.000900 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 



General  8ummary.  * 

Tensile  strength  per  sqaare  inch  of  original  section pounds. .    01,200 

Elastic  limit  per  square  inch  of  original  section do. . .    54,000 

Elongation  per  incn  after  rupture inch. .       .  197 

Elongation  per  inch  under  strain  at  elastic  limit do. . .  .  001867 

Reduction  in  diameter  at  point  of  rupture do. . .       .114 

Reduction  in  area  after  rupture,  per  cent  of  original  section 36. 4 

Position  of  rupture 1'.05  from  the  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections '.23*, '.20, '.16 
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6-IirOH   R.   F.   GCN8. 

Cl  Hoop. 
No.  8272. 


Marks,  Sf/*''' 

Diameter,  '.506. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2*. 


loads  per 
square 
inch. 

EioQSHtion 

Successive 

elongation 

per  inch. 

Pcnnanent 
set. 

Successive 

permanent 

set 

Remarlcs. 

Pwknds. 
1,000 
5,000 
10,000 
30,000 
60,000 
55,000 
60,000 
63,000 
64,000 
65,000 
66,000 
06,600 

Inch. 

0. 

.00010 
.00025 
.00100 
.00170 
.00180 
.00200 
.00215 
.00775 
.00835 
.00060 

Inch. 
0. 

.00010 
.00015 
.00075 
.00070 
.00010 
.00000 
.00015 
.00560 
.00060 
.00115 

Inch, 
0. 
0. 

/ndk. 
0. 
0. 

Initial  load. 

Elastic  limit. 
Tensile  strength. 

0. 

0. 

Oentral  sumnuary. 

Tensile  strangth  per  square  inch  of  original  section pounds..    90,500 

Elastic  limit  per  square  inch  of  original  section do. . .    63, 000 

Elongation  per  inch  after  rupture inch..  .    .200 

Elongation  per  inch  under  strain  at  elastic  limit do...    ,00215 

Reduction  in  diameter  at  point  ol  rupture do. . .       .105 

Reduction  in  area  after  rupture,  per  cent  ol  original  section 40. 3 

Position  ol  rupture '.9  from  the  neclc 

Character  of  broken  surface silky 

Elongation  of  inch  sections 'J7*.'  .13 
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6-INCH    R.    F.    GUNS. 

Breech  Bushing. 

No.  8276. 

Marks,  '^Vr 

Diameter,  ".505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 
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loa<»per 
square 
Inch. 

Elongation 
perinch. 

Successive 

elongation 

perinch. 

Permanent 
set. 

Successive 

permanent 

set. 

Remarlcs. 

Pounds. 
1.000 
5,000 
10,000 
30,000 
50.000 
55,000 
60,000 
65.000 
70,000 
75,000 
80,000 
85,000 
90,000 
95,000 
100.000 
100.000 
110,000 
111.000 
112,000 
130,500 

Inch. 
0. 
.00010 
.00020 
.00080 
.0D150 
.00165 
.00180 
.00195 
.00220 
.00240 
.00250 
.00265 
.00285 
.00305 
.00320 
.00360 
.00305 
.00445 
.00630 

Inch. 
0. 
.00010 
.00010 
.00060 
.OOU/U 
.00015 
.00015 
.00015 
.00025 
.00020 
.00010 
.00015 

.00020 
.00015 
.00040 
.00035 
.00050 
.00185 

Inch. 
0. 
0. 

Inch. 
0. 
0. 

Initial  load. 
ElasUc  Umlt. 

0. 

0. 

...'.'.'/.'.'.'.'.'. 

.  . 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  130, 500 

Elastic  limit  per  square  inch  of  original  section do. . .  100,000 

Elongation  per  inch  after  rupture inoh. .       .  180 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00360 

Reduction  in  diameter  at  point  ol  rupture do...       .185 

Reduction  in  area  after  rupture,  per  cent  of  original  section 50. 8 

Position  ol  rupture 1".03  from  the  neck 

Character  ol  broken  surlace fine  slllcy 

Elongation  ol  Inch  sections •.28*'08 
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6-inoh  r.  f.  guns, 
Spindle. 


No.  8216. 

Marks,  "^V'^* 

Diameter,  ''.505. 

Sectional  area,  .20  square  inch. 

Gauged  length,  2". 


Applied 

loads  per 

square 

inch. 

ElOQi^tioD 
per  Inch. 

Successive 

elongation 

per  inch. 

Permanent 
set. 

Inch. 

a 

a 

Successive 

permanent 

set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
30.000 
50,000 
55,000 
60.000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
100.000 
110,000 
116,000 
117,000 
118,000 
119,000 
120.000 
121,000 

Inch. 

a 

.00020 
.  QHtVM) 
.00100 
.00170 
.00185 
.00200 
.00220 
.00240 
.00255 
.00275 
.00295 
.00310 
.00350 
.00395 
.00435 
.00455 
.00475 
.00490 
.00500 
.00510 
.00530 
.00560 
.00575 

Inch. 

a 

.00020 
.00010 
.00070 
.00070 
.00015 
.00015 
.00020 
.00020 
.00015 
.00020 
.00020 
.00015 
.00040 
.00045 
.00040 
.00020 
.00020 
.00015 
.00010 
.00010 
.00020 
.(NKKiO 
QOni.'i 

Inch. 
0. 

a 

Initial  load. 
Elastic  limit. 

a 

a 

122,000 

1      123,000 

'      124,000 

125.000 

.  00600   '      -  onmn 

126,000 
127,000 

.00635 
.00675 
.00710 

.00035 
.00040 
.00035 

128.000 

1      158,000 

Tensile  strength. 

General  summary. 

Tensile  strength  per  square  inch  of  original  section pounds. .  158.000 

Elastic  limit  per  square  inch  of  original  section do. ..  121.000 

Elongation  per  inch  after  rupture inch. .       .  130 

Elongation  per  inch  under  strain  at  elastic  limit do. . .    .  00510 

Reduction  in  diameter  at  point  of  rupture do. . .       .085 

Reduction  In  area  after  rupture,  per  cent  of  original  section 30. 7 

Position  of  rupture 1"  from  the  neck 

Character  of  broken  surface silky 

Elongation  of  inch  sections "10,  "16* 
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TABULATION  OP  TENSION  SPECIMENS  FROM  6-INCH  R.  F.  G UNS. 

STEMS  3'  LONQ;  '.564  DIAMETER. 


No.  of 
test. 


8270 

8264 
8265 
8266 


Position 
in  gun. 


Tube... 

Jacket.. 
...do... 
...do... 
...do... 


Location 
of  speci- 
mens. 


Middle.. 

Outside. 
...do... 
Inside . . 
Middie.. 


Elastic 
limit 
per 

square 
inch. 


Pounds 
54,000 

61,000 
61,000 
61,000 
54,000 


Tensile 

strength 

per 

square 

inch. 


Pounds. 
96,500 

101,600 
108,000 
102,400 
91,200 


Elon- 
tion. 


Per  ct. 
22.0 

17.7 
15.0 
14.7 
19.7 


Con- 
trac- 
tion of 
area. 


Per  ct. 
37.1 

41.9 
41.9 
30.6 
36.4 


Appearance  of  frac- 
ture. 


Silkv;  trace  of  granu- 
iatlon. 

Silky 

do 

Qranular;  silky  band. 
Silky 


Remarks. 


Breech  end. 

Do. 

Do. 
Muzzle  end. 
Breech  end. 


STEMS  2«  LONQ;  '.505  DIAMETER. 


8272 

Hoop... 

Middle.. 

63,000 

99,500 

20.0 

40.3 

8276 

Breech 
bushing. 

....do... 

109,000 

130,500 

18.0 

59.8 

8216 

Spindle. 

121,000 

158,000 

13.0 

30.7 

Silky 

Fine  silky. 

Silky 


Muzzle  end. 
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MANDREL  TESTS 

OF  RINGS  FROM  TUBES  AND  JACKETS. 
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3-INCH    RIFLES,    TUBKS    AND   JACKETS. 
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Mandrel  Tests  of  Slices  taken  from  Tubes  and  Jackets  op 

3-INCH  Rifles. 


TUBE  SLICES. 


Slices  when  received  had  inside  diameter  of  about  2'^.90;  bored 
to  2''.90. 

Outside  diameters,  5^^.22  to  5^^.79  each. 
Lengths,  0''.99  to  1".22. 
General  marks,  3R  —  T. 


No.  of 
ring. 


Original     I 

interior      '   inte- 
dlmenslons.  i    r^or 
circum- 
ference 


84 

85 
87  I 


96 
97 

98; 

98 
99  ' 

100  I 

101 

102 


108  ' 


Diam- 
eter. 


In. 
2.90 

2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 

2.90 

2.90 

2.90 
2.90 

2.90 


2.90 
2.90 
2.90 
2.90 
2.90 


Clr- 
cum- 

fer- 
enoe. 


after 
rup- 


9.11 
9.11 
9.11 
9.11 
'9.11 
9.11 
9.11 

an 

9.11 

9.11 
9.11 


12.05 
11.40 
11.78 
12.02 
10.73 
11.57 
11.87 

12.45 

12.00 

12.08 
11.35 


9.11       12.07 


9.11  I 

9.11  I 

9.11  I 

9.11  I 

9.11  I 


2.90 
2.90  I 
2.90 
2.90  I 


9.11 
9.11 
9.11 
9.11 


2.90  , 
2.90  I 

2.90 
2.90 
2.90  I 

2.90 
2.90 
2.90  I 


9.11 
9.11 

9.11 

an 

9.11 

9.11 
9.11 
9.11 


103  j  2.90  '  9.11 

104  '  2. 90  a  11 

105  2.90  9.11 

106 ,  2.90  an 


2.90 
2.90 


an 
an 


11.67 
11.93 
11.36 
11.56 
12.13 


2.90  I    an       12.10 


11.57 
11.46 
11.72 
11.76 


ft5  ,    2.90       an  I     12.05 


Interior 
circum- 
ferential 
extension. 


In.         In.     I     In. 
a  11       11. 66      2. 55 


2.91 
2.29 
2.67 
2.91 
1.62 
2.46 
2.76 

a34 

2.89 

2.97 
2.24 


2.56 
2.82 
2.25 
2.45 

ao2 

2.99 

2.46 
2.35 
2.61 
2.65 


2.94 

2.61 
2.47 

2.97 
2.79 
2.61 


11.72 
11.58 

12.08 
11.90 
11.62 

11.  ft")  , 

11.47 

11.69 

11. 63       2. 52  !    27.  7 


Per  ct. 

2ao 

31.9 
25.1 
2a3 
31.9 
17.8 
27.0 
3a3 


12.28 
11.67 
12.02 


11. 72       2. 61 
11. 75  I     2.  64 


Rupture  of 

ring  began 

at— 


Inside... 

do... 

Outside. 

do... 

do... 

do... 

do... 

do... 


36l7     Inside... 
31. 7     Outside. . 


32.6  I 
24.6  , 


.do. 
.do. 


32.5  I do 


28.1  ,  Inside. 
31.0  I do. 


24.7  I  Outside. 

26.9  I do... 

33.1  I  Inside... 


32.8  '  Outside. 


27.0 
25.8 
2&6 
29.1 


....do. 
....do. 
....do. 
....do. 


32.3 

2&6  I 
27.1  i 

32.6 
30.6 
27.5 


.do. 


do. 

Inside. 


2. 84  31.  2 
2. 36  25. 9 
2. 58  I    28.  3 


a  17  34. 8 
2.56  I  28.1 
2.  91       31. 9 


2&6 
29.0 


Outside. 
do... 

Inside... 


do... 

Outside. 

do... 

Ins.de... 


Outside . 

do.., 

Inside... 


Description  of  fracture. 


...do. 
...do. 


Lamellar.  85  per  cent;  granu- 
lar, 15  per  cent. 
Do. 
Do. 

Lamellar;  1  crack  at  outside. 

Granular. 

Oranular;  1  crack  at  outside. 

Granular;  2  cracks  at  outside. 

Lamellar,  30  per  cent;  granu- 
lar, 70  per  cent. 

Granular;  oblique;  2  cracks  at 
inside. 

Granular;  oblique;  3  cracks  at 
outside. 

Lamellar;  2  cracks  at  outside. 

Lamellar,  40  per  cent;  granu- 
lar, 60  per  cent. 

Lamellar,  40  per  cent;  granu- 
lar, 60  per  cent;  1  crack  at 
outside. 

Lamellar. 
Do. 

Granular. 
Do. 

Lamellar,  50  per  cent;  granu- 
lar, 50  per  cent. 

Oblique,  lamellar,  60  per  cent; 
granular,  40  pertient. 

Granular. 
Do. 
Do. 

Lamellar,  60  per  cent:  granu- 
lar, 40  per  cent;  1  crack  at 
outside. 

Lamellar,  20  per  cent;  granu- 
lar, 80  per  cent. 

Granular. 

Lamellar,  20  per  cent;  granu- 
lar, 80  per  cent. 

Lamellar;  1  crack  at  outside. 

Granular. 

Lamellar,  30  per  cent;  granu- 
lar, 70  per  cent. 
Do. 

Granular;  1  crack  at  outside. 

Granular. 

Lamellar,  50  per  cent;  granu- 
lar, 50  per  cent. 

Granular. 
Do. 

Lamellar;  2  cracks  each  at  out- 
side and  inside. 

Lamellar. 
Do. 


Digitized  by  VjOOQ IC 


92 


3-INCH    RIFLES,    TUBES    AND    /A0KET8. 


JACKET  SLICES. 
[Slices  borod  to  5'.02  diameter— 15*.77  circamferenoe  of  bore,  for  mandrel  toet.] 


Original 

Interior 

Inte- 

No.  of 
ring. 

dimensions. 

rior 
circum- 
ference 
after 
rup- 

Interior 
circum- 
ferential 
extension. 

Rupture  of 
at— 

Dlam- 

Clr- 
cum- 

Description  of  fracture. 

eter. 

fer- 
ence. 

In. 

ture. 

In. 

7n. 

In. 

Ferct. 

67 

5.02 

15.77 

19.38 

a  61 

22.8 

Outside 

Oranular. 

68 

5.02 

15.77 

19.60 

a83 

24.2 

do 

Do. 

09 

5.02 

15.77 

19.10 

a33 

21.1 

do 

Do. 

70 

5.02 

15.77 

19.50 

a  73 

2a6 

do 

Do. 

71 

5.02 

15.77 

19.20 

a43 

21.1 

do 

Do. 

72 

5.02 

15.77 

1&93 

a  16 

20.0 

do 

Granular;  3  cracks  at  Inside. 

73 

5.02 

15.77 

17.96 

2.19 

las 

Inside 

Oblique,  lamellar,  50  percent; 
granular,  50  per  cent. 

74 

5l02 

15.77 

1&55 

2.78 

17.6 

do 

lar,  60  per  cent. 

75 

5.02 

15.77 

18.67 

2.90 

ia3 

Outside 

Granular;   crack  at  Inside. 

76 

5l02 

1&77 

20.36 

4.50 

29.1 

Not  fractured. 

Mandrel  passed  through. 

77 

6.02 

15l77 

19.50 

a  73 

2a6 

Inblde 

Lamellar,  30  per  cent;  granu- 
lar, 70  per  cent. 

78 

&02 

1&77 

18.51 

2.74 

17.3 

do 

Lamellar,  20  per  cent;  granu- 
lar, 80  per  cent;  1  cntck  at 
Inside. 

79 

5.02 

15.77 

19.35 

a58 

22.7 

do 

Lamellar,  25  per  cent;  granu- 
lar, 75  per  cent. 

80 

5i02 

1&77 

19.71 

a  94 

24.9 

do 

Lamellar,  16  per  cent;  granu- 
lar, 86  per  cent;  1  crack  at 
inside. 

81 

&Q2 

1&77 

19.09 

a  32 

21.0 

OuUlde 

Lamellar,  60  per  cent;  granu- 
lar, 40  per  cent. 

82 

5.02 

15.77 

19.55 

a  78 

23.9 

do 

Granular;  1  crack  at  Inside. 

83 

5.02 

1&77 

18.25 

2.48 

15.7 

Inside 

Lamellar,  25  per  cent;  granu-    , 

lar,  75  per  cent. 
Lamellar,  50  per  cent;  granu- 

84 

5.02 

15l77 

19.37 

a  00 

22.8 

do 

lar,  50  per  cent;  5  cracks  at 

Inside. 

S6 

&02 

15.77 

19.86 

4.09 

25.9 

do 

Lamellar,  30  per  cent;  granu- 
lar, 70  per  cent. 

86 

5.02 

15.77 

17.21 

1.44 

9  1 

do 

Lamellar,  30  per  cent;  granu- 
lar, 70  per  cent;   15  small 
cracks  at  Inside. 

87 

5l02 

15.77 

19.82 

4.05 

25.6 

do 

Lamellar,  50  per  cent;  granu- 
lar, SO  per  cent;  2  cracks  at 
outside. 

88 

5.02 

15.77 

20.02 

4.25 

28.9 

do 

Silky,  20  per  cent;  granular. 

80  per  cent. 
Granular. 

88 

5.02 

15.77 

19.42 

a65 

23.1 

Outside 

89 

5.02 

1&77 

19.49 

a72 

2a5 

Inside 

Lamellar,  25  per  cent;  granu- 
lar, 75  per  cent. 

90 

5.02 

1&77 

19.32 

a  55 

22.5 

do 

Lamellar,  75  per  cent;  granu- 
lar, 25  per  cent. 

91 

5.02 

15.77 

19.05 

a  28 

20.7 

do 

Granular;  2  cracks  at  Inside. 

92 

5l02 

15.77 

17.70 

1.93 

12.2 

Outside 

Granular;  1  crack  at  Inside. 

93 

&02 

15.77 

19.12 

a  35 

21.2 

Inside 

Lamellar,  20  per  cent;  granu- 
lar, 80  percent. 

94 

&02 

15l77 

19.25 

a4S 

22.0 

do 

Lamellar,  15  per  cent;  granu- 
lar, 85  per  cent;  3  cracks  at 
Inside. 

94 

5.02 

15.77 

18.90 

a  13 

19.8 

Outside 

Granular. 

95 

&02 

1&77 

19.12 

a  35 

21.2 

do 

Do. 

96 

5lQ2 

15.77 

1&86 

a  09 

19.5 

do 

Do. 

97 

&02 

15.77 

19.68 

a  91 

24.7 

do 

Do. 

96 

502 

15.77 

laTO 

2.ft3 

18.5 

do 

Do. 

99 

5.02 

15.77 

19.21 

a44 

21.8 

Inside 

Lamellar,  15  per  cent;  granu- 
lar, 85  per  cent. 

100 

5.02 

15.77 

19.37 

a  00 

22.8 

Outside 

Granular. 

101 

5.02 

15.77 

18.81 

a  04 

19.2 

Inside 

Do. 

101 

5.02 

16l77 

18  94 

a  17 

20.1 

do 

Granular;  4  cracks  at  Inside. 

102 

5.02 

1&77 

1&35 

2.58 

1&3 

Outside 

Granular. 

103 

5.02 

15.77 

18.80 

a  03 

19.2 

do 

Do. 

105 

5.02 

1&77 

1&80 

ao3 

19.2 

do 

Lamellar.  10  per  cent;  granu- 
lar, 90  per  cent;  1  crack  at 
Inside. 
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Original 

interior 

dimensions. 

No.  of 
ring. 

Diam- 
eter. 

cum- 
fer- 

enoe. 

3R92J 

Jn. 
4.02 

In, 
15.46 

3R106J 
3R110T 

4.92 
3.00 

15l46 
9.42 

3.8R1T 
3.8R1J 

3.74 
5190 

11.75 
1&54 

Inte- 
rior 
drcum- 
ferenoe 
after 
rup- 
ture. 


In. 
18.28 


19.81 
11.88 


13.29 


Interior 
circum- 
ferential 
extension. 


In. 
2.82 


4.35 
2.46 


1.54 
1.82 


Perct. 
1&2 


26.1 


13.1 

0.8 


Rupture  of 

ring  began 

at— 


2  places. 


Inside.. 
Center. 


Not  fractured. 
....do 


Description  of  fracture. 


1  fracture  started  at  Inside; 
granular.  Other  fracture 
started  at  sillcy  spot  on 
side;  granular,  80  per  cent; 
sillcy,  aOpercent. 

Lameliar. 

Granular,  75  per  cent;  dull, 
smooth  spot,  26  per  cent. 

Mandrel  passed  through. 
Do. 


RINGS  MADE  AT  WATERTOWN  ARSENAL  SMITH  SHOP. 


3.00 
3.00 

9.42 
9.42 

12.71 
12.75 

3.29 
3.33 

34.9 
35.4 

3.00 
3.00 
6.17 
6.17 

9.42 
9.42 
16.24 
16.24 

12.82 
12.91 
20.30 
19.50 

3.40 
3.49 
4.06 
3.26 

36.1 
37.0 
26.0 
20.1 

6l17 
6.17 

16.24 
16.24 

19.25 
19.75 

3.01 
3.60 

18.5 
2L6 

Inside I  SUlcy. 

Outside Sillcy;  irregular;   1  crack  at 

I      outside. 

Inside I  Silky;  oblique. 

do Do. 

do I  Silky. 

At    spot    on  Granular. 

side. 

do Do. 

At  silky  spot  Granular, 80  percent;  silky,  20 

inside.  1     per  cent. 


ADDITIONAL  RINGS  FROM  WATERVLIET  ARSENAL. 


3R121T  I    2.94 


3R122T 
3R125T  ; 


3R128T  I 
3R122J  ! 
3R123J 


2.94 
2.94 


3R126T       2.94 


2.94 
4.98 
4.98 


9.24  i 
9.24 

9.24  I 

9.24  I 
15i65 
15.65  ' 


12.46 

3.22 

12.45 
12.37 

3.21 
3.13 

12.10 

2.88 

12.56 
19.90 
20.36 

3.32 
4.25 
4.71 

34.8  , ,  Granular, silky;  serrated  next 

I  j      bore. 

34.7  I I  Granular;  silky  at  tM>re. 


33.9  I 

31.0  I. 

I 

35.9  i. 
27.2  I. 

30.1  I. 


Granular,  silky;  serrated  at 
bore. 

Granular;  radiating  from  ex- 
terior comer. 

Silky,  oblique. 

Granular;  silky  next  bore. 

Passed  over  mandrel  without 
rupturing. 


TENSILE  TESTS  OF  TANGENTIALSPECIMENS  REPRESENTING  METAL 
IN  8  MANDREL  TEST  RINGS. 
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8-lNCH   RIFLE   NO.  1. 
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HYDROSTATIC  TEST 

OF  EXPERIMENTAL  5-INCH  TUBE. 


9.1. 
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6-INCH    TUBE    SECTION.  97 

Htdbostatic  Test  of  Experimental  5-inch  Tube. 


CTllndar. 


T 


i 


vLi  u/i«» 


18  ?5 


Sectional  area  of  bore,  20.27  square  inches. 
Tangential  stress  at  the  bore  computed  by  the  formula, 

n_     4RiH-2Ro 

""PxacRj-Ro) 


Total  load  on 
piston. 

Interior  piCB- 

Tangential 
stress  at 

Exterior  dlametricai 

Remarks. 

sureper 
sqaareinch. 

bore  per 
square 
fnch. 

Expansion. 

Set. 

Pownds. 
7,783.67 
38,018.35 
77,836.70 
116,765.05 
155,673.40 
104,501.75 
233,510. 10 
272,42&45 
311,346.80 
360,266. 15 
380,183.60 
428,101.85 
467,020.20 
605,038.65 
544,856.00 
683,775,25 
622,603.60 

Pounds. 
384.01 
1,020.00 
3,840.00 
5,760.00 
7,680.00 
0,800.00 
11,520.00 
13,440.00 
16,360.00 
17,280.00 
10,200.00 
21,120.00 
23,040.00 
24,060.00 
26,880.00 
28,800.00 
30, 72a  00 

Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
60,000 
55,000 
60,000 
65,000 
70,000 
76,000 
80,000 
70,000 
40,000 
15,000 

Inch. 

0. 

.0004 

.0000 

.0015 

.0024 

.0030 

.0036 

.0043 

.0049 

O.0060 

a. 0060 

a. 0060 

a. 0060 

O.0060 

a. 0154 

a. 0408 

Inch. 

a 

Initial  load. 



0. 

-  .0001 

Elastic  limit. 

Hydostatio  test  dlsoontlnaed. 
Piston  removed. 

.0660 
.0613 
.0668 

d  These  flgnres  represent  the  diametrical  expansion  of  the  tube  after  having  been  loaded  as  shown  by 
the  first  three  coiumns,  and  then  released  to  40,000  pounds  per  square  inch  tangential  stress  at  the  bore. 

H.  Doc.  26,  69-2 1 
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98  6-lNCH    TUBE    SECTION. 

Measurements  of  bore  after  hydrostatic  test. 


Diameters  measm*ed  in  five  places,  and  at  right  angles  to  each 
other  at  each  place. 


Diameter. 

Measurements. 

First. 

At  right 

angles  to 

first. 

0 

Inches. 
5.0780 
5.1166 
6. 1614 
5.1528 
5.0771 

Inches. 
5.0758 
5.1094 
5.1487 
5.1407 
5.0748 
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TESTS  OF  S'INCH  SHRAPNEL  CASES  RECEIVED  FROM  FRANKFORD 

ARSENAL. 

Tests  by  Intebiob  Hydbostatic  Pbessube. 

FIRST  CASE. 

Exterior  diameter  of  case  turned  to  2''.93. 
Interior  diameter  of  case  bored  to  2''.?  15  for  a  length  of  5''. 
Case  entered  testing  cylinder  1",  leaving  4^^  length  of  reduced  thick- 
ness of  walls  exposed  to  the  interior  pressures  of  the  test. 
Sectional  area  of  piston,  5.79  square  inches. 


AppUed  loads. 

Exterior 
diameter 
of  case. 

Remarks. 

Total  on 
piston. 

Interior 

pressure 

persouaro 

Fiber 

stress  on 

case  per 

squaroineh. 

Pounds. 
0 
24,000 
30,000 
35,000 
40,000 
43,000 
46,000 
60,000 
53,000 

Pounds. 
0 
4,145 
5,181 
G,045 
6,908 
7,427 

Pounds. 
0 

Inches. 
2.93 
2.93 
2.94 
2.94 
2.95 
2.95 
2.98 
3.02 

Ultimate  strength. 

7,945 
8,636 
9,154 

123,405 

Case  ruptured  longitudinally,  beginning  at  a  place  ^  from  the  for- 
ward end.  The  line  of  rupture  extended  through  the  wall  to  the  for- 
ward end,  and  in  the  opposite  direction  to  the  end  of  the  reduced  part, 
where  the  fracture  bifurcated  and  extended  circumferentially  partly 
around  the  case. 

Appearance  of  fracture,  fine  granular. 

SECOND  CASE. 

Dimensions  same  as  first  case. 


Applied  loads. 

Exterior 
diameter 
of  case. 

Remarks. 

Total  on 
piston. 

Interior 
pressure 

Fiber 

stress  on 

case  per 

squaroineh 

Pounds. 
0 
24,000 
30,000 
35.000 
40,000 
43,000 
46,000 
48,300 

Pounds. 
0 
4,146 
5,181 
6,045 
6,908 
7,427 
7,945 
8,342 

Pounds. 
0 

Inches. 
2.93 
2.93 
2.93 
2.94 
2.96 
2.97 
3.03 

Ultimate  strength. 

112,459 

Manner  of  fracture  same  as  first  case. 
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3-INCH    SHRAPNEL    CASES. 


THIRD  CASE. 

Dimensions  same  as  first  case. 


Applied  loadn. 


Total  on 
piston. 


Interior 

pressure 

per  square 

incQ. 


Fiber 

stress  on 

ease  per 

square  inch 


Exterior 
diameter 
of  case. 


Remarks. 


Pounds. 
0 
24,000 
30,000 
35,000 
40,000 
43,000 
46,000 
50,000 
50,400 


Pounds. 
0 
4,145 
5,181 
6,045 
6,908 
7,427 
7,945 
8,636 
8,705 


Pounds. 
0 


117,352 


Inches. 
2.93 
2.94 
2.94 
2.05 
2.96 
2.99 
3.02 
3.17 


I 


Ultimate  strength. 


Manner  of  fracture  same  as  first  case. 

FOURTH  CASE. 

Dimensions  same  as  first  case. 


AppUed  loads. 

Exterior 

diameter 

of  case. 

Remarks. 

i 
1 

Total  on 
piston. 

Interior 
pressure 

Fiber 

stress  on 

case  per 

square  inch 

Pounds. 
0 
24,000 
30,000 
35,000 
40,000 
43,000 
46,000 
60,000 
51.500 

Pounds. 
0 
4,145 
6,181 
6,046 
6,908 
7,427 
7,945 
8,630 
8,805 

Pounds. 
0 

Inches. 
2.03 
2.93 
2.94 
2.94 
2.95 
2.96 
2.97 
3.03 

Ultimate  strength. 

119,913 

Manner  of  fracture  same  as  first  case. 

TENSILE   TESTS  OF  LONGITUDINAL  SPECIMENS  FROM  SHRAPNEL 

CASES. 


No.of 
case. 

Dimensions. 

Sec- 
tional 
area. 

elastic 

limit  i)er 

square 

inch. 

Tensile 
strength 

per 
square 
inch. 

Elon- 

Con- 

Elongation of 
inch  sections. 

Appearanoe  of 
fractoie. 

Width. 

Thick- 
ness. 

gation 

in3 
inches. 

trac- 
tion of 
area. 

1 

1 

2 
2 
3 

3 
4 
4 

Inch. 
.473 

.472 

.476 
.472 
.476 

.475 
.476 
.473 

Inch. 
.126 

.098 

.099 
.099 
.096 

.101 
.101 
.102 

8q.  in. 
.0596 

.0463 

.0471 
.0467 
.0466 

.0480 
.0481 
.0482 

Pounds. 
96,990 

101,510 

101,910 
96,500 
94,420 

100,000 
101,870 
103,730 

Pounds. 
Stem  no 
ture 
117,060 

121,440 
120,030 
121,890 

126,040 
128,900 
127,690 

Perct. 
tfrac- 
d. 
4.7 

8.7 
7.3 
3.7 

3.3 
4.7 
4.7 

Perct. 

»      »      0 

Tore  oat  head  in 

front  of  pin. 
Silky  In   part 
granular. 
Do. 
Silky. 

Silky;  in   part 

granular. 

Do. 

Do. 

Do. 

38.0 

39.1 
29.8 
27.9 

30.0 
38.9 
39.0 

.12*,. 01,  .01 

.14*,. 09,  .03 
.02,  .16*,. 04 
.10*,. 01,0. 

.09*,.  01,0. 
.11*,. 02,   .01 
.10*,. 02,  .02 

Elastic  limits  not  well  defined. 
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LoNOiruDiNAL  Compression  Tests  of  Shrapnel  Cases. 

FIRST  CASE. 

Threaded  section  at  forward  end  cut  off. 

Exterior  diameter,  2''.98. 

Interior  diameter^  2^.65. 

Sectional  area,  minimum,  1.46  square  inches. 

Gauged  length,  established  forward  the  band,  b". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
iso^. 

Compres- 
Bion. 

Set. 

Powidt, 
1,460 
14,600 
29,200 
43,800 
61,100 
68,400 
66,700 
73,000 
80,300 
87,600 
94,900 
102,200 
109,500 
116,800 
124,100 
131,400 
177,000 

Pound*. 
1,000 
10,000 
20,000 
30,000 
35,000 
40,000 
46,000 
60,000 
65,000 
60,000 
66,000 
70,000 
76,000 
80,000 
85,000 
90,000 
121,230 

Inch, 

0. 
.0010 
.0023 
.0036 
.0043 
.0050 
.0058 
.0070 
.0090 
.0124 
.0176 
.0234 
.0315 
.0396 
.(M88 
.0590 

Inch, 
0. 

Initisi  load. 
Ultimate  strengtb. 

a 

.0009 

.0048 

.0146 

.0289 

.0473 

The  case  buckled  near  the  forward  end,  near  the  place  of  minimum 
sectional  area.  Buckling  was  continued  imtil  the  case  was  shortened 
to  VA^  over  all.     Two  longitudinal  cracks  were  opened. 

Length  of  circmnference  over  the  maximum  diameter  of  the 
buckled  part,  lO'^.se. 

Circumferential  extension,  1^^.50=16  per  cent. 
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3-INCH    SHRAPNEL    CASES. 
SECOND  CASE. 


Threaded  section  at  forward  end  cut  oflf . 

Exterior  diameter,  2''.98. 

Interior  diameter,  2''.65. 

Sectional  area,  1.50  square  inches. 

Gauged  length,  established  forward  the  band,  5* 


AppUed  loads. 

In  ganged  length. 

1 
Remarks. 

Total. 

Pounds. 
1,500 
15,000 
30,000 
45,000 
60,000 
67,500 
76,000 
82,500 
90,000 
97,600 
105,000 
112,500 
120,000 
127,500 
135,000 
183,000 

PersooaPB 

Compres- 
sion. 

Set. 

Pounds. 
1,000 
10,000 
20,000 
30,000 
40,000 
45,000 
50,000 
65,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
122,000 

Inch. 

0. 
.0012 
.0024 
.0037 
.0050 
.0060 
.0077 
.0103 
.0142 
.0198 
.0249 
.0321 
.0402 
.0487 
.0588 

Inch. 
0. 

Initial  load. 
Ultimate  strength. 

0. 

.0013 

.0064 

.0157 

.0290 

.0464 

Buckled  near  the  forward  end  of  the  case.  Case  shortened  to 
y'^.S?  over  all.     Opened  three  longitudinal  cracks. 

Length  of  circumference  over  maximum  diameter  of  buckled  part, 
11M3. 

Circumferential  extension,  1^^.77  =  18.9  per  cent. 
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Threaded  section  at  forward  end  cut  off 

Exterior  diameter,  2''.98. 

Interior  diameter,  2''.63. 

Sectional  area,  1.542  square  inches. 

Gauged  length,  established  forward  the  band,  5" 


AppUed  loads. 

In  gauged  length. 

■ 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 
1,542 
15,420 
30,840 
46,260 
61,680 
69,390 
77,100 
84,810 
92,520 
100,230 
107,940 
115,650 
123,360 
131,070 
138,780 
178,500 

Pounds. 
1,000 
10,000 
20,000 
30,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
115,760 

Inch. 

0. 
.0010 
.0024 
.0036 
.0051 
.0060 
.0074 
.0096 
.0133 
.0184 
.0254 
.0327 
.0418 
.0522 
.0642 

Inch. 
0. 

Initial  load 
Ultimate  strength. 

0. 

.0009 

.0043 

.0158 

.0308 

.0514 

Buckled  near  the  forward  end  of  the  case.  Case  shortened  to  7''.46 
over  all.     Opened  one  longitudinal  crack. 

Length  of  circumference  over  maximum  diameter  of  buckled  part, 
10^91. 

Circumferential  extension,  l''.55  =  16.6  per  cent. 
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3-IKOH    SHBA.PNEL   OASES. 
FOURTH  CASE. 


Threaded  section  at  forward  end  cut  off. 

Exterior  diameter,  2''.98. 

Interior  diameter,  2'^.66. 

Sectional  area,  1.50  square  inches. 

Gauged  length,  established  forward  the  band,  h" 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  sqoare 
Indi. 

Compres- 
sion. 

Set. 

PwknU. 
1,500 
15,000 
30,000 
45,000 
60,000 
67,500 
75,000 
82,500 
90,000 
97,500 
105,000 
112,500 
120,000 
127,600 
135,000 
176,800 

Pawndi. 
1,000 
10,000 
20,000 
30,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
117,870 

Inch, 
0. 
.0009 

.0033 
.0048 
.0063 
.0065 
.0121 
.0174 
.0227 
.0307 
.0385 
.0472 
.0578 
.0695 

0. 

Initial  load. 
Ultimate  strength. 

0. 

.0022 

.0094 

.0211 

.0362 

.0570 

The  case  buckled  near  the  forward  end,  near  the  place  of  minimum 
sectional  area.  Buckling  was  continued  until  the  case  was  shortened 
to  T'^.SQ  over  all.     Two  small,  longitudinal  cracks  were  opened. 

Length  of  circumference  over  maximum  diameter  of  the  buckled 
part,  11''.20. 

Circumferential  extension,  l'^.84  =  19.7  per  cent. 

3-INCH  Shrapnel  Case. 

CHEMICAL  ANALYSIS. 

Com  blned  carbon 560 

Manganese 656 

Silicon 141 

Sulphur 050 

Phosphorus 020 
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TENSILE     TESTS    OF    SPECIMENS    FROM    3-lNOH    SHRAPNEL    CASES 
RECEIVED  FROM  FRANKFORD  ARSENAL,  PHILADELPHIA,  PA. 


V. 


O 


5< 


_y 


o 


v^ 


7^ 


Marks. 

Sec- 
tional 
area. 

Elastic 
limit 
per 

square 
inch. 

Tensile 
strength 

per 
square 
Inch. 

Elong- 
ation 
in  3'. 

Cott- 
trae- 
tion  of 
area. 

offnch 
sections. 

Appearance  of 
fractare. 

Width. 

Thick- 
ness. 

A 

A, 

B 
Bi 
C 

Ci 
D 
D, 
E 

?■ 

Fi 

Inch. 
.500 

.500 

.500 
.500 
.500 

.500 
.409 
.499 
.499 

.500 
.500 
.500 

Inch. 
.16 

.153 

.141 
.142 
.153 

.153 
.153 
.153 
.162 

.154 
.140 
.150 

8q,  in. 
.075 

.077 

.071 
.071 
.077 

.077 
.076 
.076 
.076 

.077 
.076 
.076 

Pounds. 
88,000 

80,620 

90,140 
78,870 
84,420 

85,710 
81,680 
76,000 
85,530 

80,620 
88,000 
86,330 

Pounds. 
117,330 

119,480 

116,490 
114,060 
111,690 

112,990 
111,840 
113,160 
114,470 

111,690 
121,330 
124,000 

Perct. 
6.7 

5.3 

6.7 
6.7 
7.3 

5.7 
6.7 
6.7 
6.7 

6.3 
5.0 
6.0 

Perct. 
25.3 

31.2 

35.2 
26.4 
26.0 

27.3 
25.0 
34.2 
26.3 

26.0 
24.0 
30.7 

»       »       » 
.01,  .02,  .14* 

.01,  .03,  .12* 

.01,  .03,  .16* 
.02,  .10*,. 08* 
.02,  .05,  .15* 

.02,  .02,  .13* 
.03,  .11*,. 08* 
.01,  .03,  .16* 
.02,  .03,  .16* 

.01,  .04,  .14* 
.01,  .03,  .11* 
.01,  .02,  .12* 

Silky;  trace  of 
granulation. 
Do. 

Silky;  trace  of 
granulation. 

Do. 

Do. 
Silky. 

Silky;  trace  of 
granulation. 

Do. 

Do. 

Do. 

Remabxs.— The  elastic  limits  were  vague  and  difficult  of  recognition.  No  sharply  defined  lin- 
existed  where  permanent  sets  hegan.  There  was  a  progressive  development  of  sets,  gradually  1  ncrease 
ing  as  the  tensile  strength  was  approached. 
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ONE-POUNDER   STEEL   SHELLS. 


ONE-POUNDER  DRAWN  STEEL   SHELLS   FROM   FRANKFORD   ARSENAL, 

PHILADELPHIA,  PA. 


MANDREL  TESTS. 


Exterior  diameter,  1*.4430. 


Applied 
loads  on 
mandrel. 

Exterior 
diameter. 

Diamet- 
rical ex- 
tension. 

Remarks. 

Pounds. 

0 
4,000 

0 
5,800 

0 
7,500 

0 
9,500 

0 
9,000 

0 

Inches. 
1.4430 
1.4445 
1.4430 
1.4455 
1.4430 
1.4465 
1.4432 
1.4475 
1.4444 
1.4487 
1.4455 
1.4782 

Inch. 

0. 
.0015 

0. 
.0025 

0. 
.0035 
.0002 
.0045 
.0014 
.0057 
.0025 
.0352 

Elastic  limit  =  68,000  pounds  per  square  Inch. 

Shell  ruptured. 
Elongation  =  2.4  per  cent. 

Exterior  diameter,  1*.4430;  length,  l^.SO. 


AppUed 
loads  on 
mandrel. 

Exterior 
diameter. 

Diamet  - 
rical  ex- 
tension. 

Remarks. 

Pounds. 

0 

6,500 

0 

6,700 

0 

Inches. 
1.4430 
1.4464 
1.4435 
1.4485 
1.4448 
1.4750 

Inch, 

0. 
.0034 
.0005 

.oaw 

.0018 
.0320 

Elastic  limit  =  60,000  pounds  per  square  Inch. 

Shell  ruptured  with  granular  fracture. 
Elongation  =  2.2  per  cent. 

I 

Exterior  diameter,  1''.4419;  length,  V.dO. 


Applied 
loads  on 
mandrel. 

Exterior 
diameter. 

Diamet- 
rical ex- 
tension. 

Remarks. 

Pounds. 

0 
6,500 

0 
6,600 

0 
5,300 

0 

Incites. 
1.4419 
1.4449 
1.4420 
1.4461 
1.4434 
1. 4478 
1.4448 
1.4824 

Inch. 

0. 
.0030 
.0001 
.0042 
.0015 
.Oa'iQ 
.0029 
.0405 

Elastic  limit  =  60,000  pounds  per  square'inch. 

Shell  ruptured. 
Elongation  —  2.8  per  cent. 
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Dimensions. 

Sec- 
tional 
area. 

Tensile 
strength 

per 

square. 

fnch. 

Elonga- 
tion in  1 

Contrac- 
tion of 
area. 

Fractured. 

Appearance 
oifracture. 

Width. 

Thick- 
ness. 

Inch. 
.300 
.300 
.300 
.300 

Inch. 
.130 
.080 
.080 
.060 

Sq.  in. 
.039 
.024 
.024 
.024 

Pound9. 
70,500 
86,700 
82,900 
82,500 

Per  cent. 

Per  cent. 

Across  eye 

Do. 
Do. 

41.7 
41.7 
41.7 

In  the  stem 

11.0 
11.0 

do 

do 

Rapid  elongation  occurred  just  prior  to  reaching  the  tensile  strength. 

LONGITUDINAL  COMPRESSION  TESTS. 

L  tenor  of  shell  bored  out  to  cylindrical  form;  exterior  surface  in 
primitive  condition. 

Length  of  walls  of  shell,  2.*25. 


Diameters. 


Exte- 
rior. 


Interior. 


Sectional 
area. 


Elastic 

limit  per 

square 

inch. 


Compres- 
sive 

strength 

per  square 

inch. 


Manner  of  failure. 


Inches.      Inches.      Sq.  in. 
1.443  1.178  .545 

1.442  1.174  .551 

1.443  1.174  .553 
Complete  shell  with  truncated  end 


Pounds. 
64,600 
60,800 
63,700 


Pounds. 
74,900 
73,700 
77,800 

0  44,800 


WaUs  buckled  at  base  end  of  specimen. 

Do. 

Do. 
Walls  buckled  at  base  of  ogival. 


a  Total  compressive  strength. 
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3.2-INOH   OAST   IRON   SHELLS. 


TENSILE  TESTS  OF  SJ-INCH  CAST  IRON  SHELLS  WITH  STEEL  GAS 
SHIELDS  CAST  IN  POSITION  IN  BODY  UNDER  THE  GROOVE  FOR 
THE  BAND. 

The  shells  were  in  part  turned  down  in  exterior  diameter  at  the 
place  of  the  steel  shield,  and  part  of  the  number  were  bored  out  in  the 
interior  imtil  in  each  case  such  a  sectional  area  of  metal,  in  annular 
form,  remained  as  permitted  of  testing  by  tension,  taken  longitudi- 
nally with  reference  to  the  axis  of  the  shell. 


Dimenaions  of 

TenaUe 

SCarks. 

specimen. 

Sec- 
tional 

strength. 

Appearance  ot  fracture. 

Per 

Inte- 
rior. 

Exte- 
rior. 

area. 

Total. 

square 
Inch. 

Indies. 

Inches. 

Sg.in. 
1.66 

Pounds 

Pounds 

T 

.88 

1.70 

18,820 

11,340 

Fine  granular,  gray.    Did  not  fracture  at  Junc- 

tion of  cast  iron  and  steel. 

2.62 

2.08 

1.58 

25,700 

16,270 

Fine  granular,  gray.    Fractured  in  dose  vicin- 
ity of  Junction  of  cast  iron  and  steel,  but  no 

bri^t  spots  visible. 

2.46 

2.80 

1.81 

24,800 

13,700 

Fine  granular,  gray.  Two  bright,  smooth  spots 
'.2!rx'^an<r'.22x'.07,  respectively. 

2.46 

2.80 

1.81 

21,500 

11,880 

Fine  granular,  gray.    Two  bright,   smooth 

spots  ''.23X'.12  and  '.23X'.15,  respectively. 
Fine,  granular,  gray.    Did  not  fracture  at  Junc- 

T, 

.80 

1.61 

1.41 

15,500 

10,900 

tion  of  cast  iron  and  steel. 

T, 

.80 

1.61 

1.41 

13,700 

9,720 

Do. 

T, 

.80 

1.61 

1.41 

14,900 

10,570 

Do. 

T< 

.89 

1.61 

1.41 

Not       ascer- 
tained. 

Do. 

The  ninth  shell  was  turned  off  at  the  junction  of  the  shield  and  cast 
iron.  The  shield  in  this  specimen  was  disposed  at  an  inclination  to  a 
plane  normal  to  the  axis  of  the  shell,  the  obliquity  being  ^.3  on  an 
exterior  diameter  of  1^.9;  i.  e.,  the  distance  from  the  base  of  the  shell 
to  the  shield  was  ".S  greater  on  one  longitudinal  element  than  on  the 
opposite  element  of  the  cylinder  1^.9  (Gameter.  On  the  rear  side  of 
the  shield  the  cast  iron  showed  a  line  of  spongy  metal  "A  long,  and  a 
small,  spongy  spot  *.05  diameter. 

The  tenth  specimen  was  one-half  a  shell,  upon  which  no  test  was 
made. 
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STEEL    FOBGINGS,   GUN    AND    CARRIAGE   WORK. 
FORGED  STEEL. 
From  Watertown  Arsenal  Smith  Shop. 
Stems  2"  long,  ".605  diameter. 

7fr-MILLIMET£R  MOUNTAIN  GUN  CARRIAGES. 
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Marks  F. 

From 
ingot 
cast  at 
Water- 
town 
Arsenal, 
number. 

Elastic 
limit 
per 

square 
Inch. 

Tensile 
strength 

per 
square 
inch. 

Elon- 
tion. 

Con- 
trac- 
tion of 
area. 

Elongation 
ofinch 
sections. 

Appearance  of  fracture. 

963 

Poatidt, 
68,500 

Pownd9, 
85,500 

Perd, 
24.5 

Perct. 
40.3 

.31,.  18 

Silky. 

6-POUNDER  GUN  MOUNTS. 


997 

55,500 

92,500 

25.0 

46.2          .14,. 36* 

Fine,  silky. 

15-pounder  r.  f.  gun  carriages. 


36,500 

65,500 

32.0 

51.9 

.40*,. 24 

Silky. 

6-INCH  DISAPPEARING  CARRIAGES. 


731 

666-3 

731-2 
731-3 
757 
750 
801 
841 
881 
921 
927 
932 
956 

921 

927 

960 

966-2 

966 
921-3 
966-2 

957-2 

960-2 

921 

956 

979 
979-2 
979-3 
980 
984 
994 

969 

961 

996 

979-4 

1000 
1007 
971 


1880 

1803 

1880 
1880 
2040 


3051 
3051 
2005 
1466 

3051 
3051 


3051 


3051 


3051 
1466 


60,500   91,500 


58,000 

62,500 
47,000 
51,000 
52,500 
50,000 
56.000 
53,500 
52,000 
42,000 
62,000 
50,500 

49,500 
61,000 
45,000 
50,000 

49,500 
45,500 
47,000 

60.500 
47.500 
48,500 
53,000 

42,500 
43,500 
40,500 
53,000 
56,500 
48,000 

65,500 
51,000 
44,000 
58,500 

50,500 
53,000 
51,000 


116,000 

99,500 
77,500 
88,000 

101,000 
99,500 

100,000 
96,500 

119,500 
79,500 
94,000 
93,000 

121.000 
102,000 
78,000 
99,000 

109,500 
116,500 
106,500 

86,000 
79,000 
119,000 
87,500 

101,500 
102,500 
96,000 
97,500 
118,000 
103,000 

97,500 
100,600 

82,500 
112,500 

82,500 
82,000 
101,500 


11.5 

16.0 

8.5 
27.5 
29.0 
22.5 
23.5 
24.5 
22.0 
11.0 
27.5 
25.0 
12.5 

15.0 
l&O 
28.5 
11.5 

13.6 
16.0 
18.5 

28.6 
24.5 
11.5 
18.0 

19.5 
13.5 
18.0 
18.5 
13.0 
15.0 

23.0 
21.0 
25.5 
16.5 

27.5 
26.0 

2ao 


20.5 

27.4 

9.5 
37.1 
49.1 
43.3 
49.1 
46.2 
46.2 
13.2 
49.1 
46.2 
23.9 

27.4 
51.9 
51.9 
20.5 

16.9 
20.6 
23.9 

71.3 
64.6 
16.9 
27.4 

20.5 
16.9 
24.0 
37.1 
20.6 
20.5 

43.3 
34.0 
43.3 
37.1 

64  6 
46.2 
37.1 


.16*,. 08 

.22*,. 10 

.11*,. 06 
.31*,.  24 
.38*,. 20 
.16,  .29* 
.19,  .28* 
.15,  .34* 
.12,  .32* 
.10,  .12* 
.19,  .36* 
.14,  .36* 
.18*,. 07 

.20*,.  10 
.29*,. 07 
.22,  .35* 
.17*,. 06 

.11,  .16* 
.14,  .16* 
.20»,.17 

.41*,.  16 
.39*,.  10 
.08,  .15* 
.25*,.  11 

.18*,.  11 
.10,  .17* 
.13,  .23 
.09,  .28* 
.17*,.  09 
.10,  .20* 

.31*,.  15 
.16,  .27* 
.20,  .31* 
.08.   .25* 

.15,  .40* 
.36*,. 16 
.  29*, .  17 


Dull  gray,  amorphous,  ir- 
regular. 
Fine  granular,  50  percent: 

silky,  60  per  cent. 
Granular. 
Silky. 
Fine  silky. 

Do. 

Do. 

Do. 

Do. 
Granular. 

Silky,  40  per  cent;  gran- 
ular, 60  per  cent. 
Granular. 
Silky. 

Silky,  60  per  cent;  granu- 
lar, 60  per  cent. 

Granular;  silky  spot. 

Granular. 

Granular,    75   per  cent; 
silky,  26  per  cent. 

Fine  silky. 

Silky. 

Granular. 

Fine  granular,  60  per  cent; 
silky,  40  per  cent. 

Granular. 
Do. 

Granular;  silky  spot. 

Silky. 

Granular. 

Granular,    60    per  cent; 
silky,  40  per  cent. 

Silky, 
bo. 

Sliky,  light-colored  spot. 

Silky;  trace  of  granula- 
tion. 

Fine  silky. 
Do. 

Silky. 
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128  STEEL    F0RGING9,   GUN    AND    CARRIAGE   WORK. 

FORGED  ^r^JEL— Continued. 
From  Watertown  Arsenal  Smith  Shop — Continued. 

6-INGH  DIBAPPEARINO  CARRIAGES— Continued. 


Marks  F. 


1009 

1076 

1143 

984 

984-S-3 

1143 

996-S-2 

994-2 

994-3 

972 

972-2 
1399 
1405 

1405-2 
1433 
1434 
1475 

1434-2 

1475-2 

1476 
1486 
1488 
1490 
1489 
1489-2 

1551 

1564 

972X 

972Y 

972Z 
972X2 

1573 
1573-2 
157»-3 
1573-4 
1573-5 


From 
ingot 
cast  at 
Water- 
town 
Arsenal, 
number. 


2451 
1466 


2787 
2787 


2784 


2784 
3229 


3340 
3340 


4389 
4389 
4389 
4389 
4389 


Elastic 
limit 
per 

square 
inch. 


Poundt. 
56,000 
50,500 
38,000 
45,500 
47,000 
62,000 
54,500 
51,500 
54,000 

53,000 
51,000 
48,000 
43,000 
53,000 
52,000 
40,000 
55,500 
50,500 
55,000 

45,500 

52,000 
60.500 
51,000 
49,000 
48,000 
51,000 

45,500 
54.000 
57,  .500 
40,500 

79,500 
5.5,500 
64,000 
49,000 
52,000 
44,500 
45,500 


Tensile 
strengtii 

per 
square 
incti. 


Pound*, 
89,500 
87,000 
76,500 
104,000 
103,500 
103,000 
94,000 
109,000 
111,000 

106,000 
98,000 
103,000 
83,000 
98,000 
93.000 
66,500 
113,000 
102.500 
109,000 

95,500 

107,000 
101,500 
95,000 
87,000 
104,000 
103,500 

94,500 
90,500 
101,500 
103,000 

138.000 
103,000 
128,600 
117,000 
120,500 
109,500 
112,000 


Elon- 
tlon. 


Perd 
25.0 
26.5 
27.5 

lao 

16.0 
20.0 
25.0 
14.0 
14.0 

14.5 
22.0 
21.0 
24.0 
12.5 
23.5 
33.5 
11.5 
17.0 
15.5 

18.0 

16.0 
19.5 
24.0 
2v'>.5 
14.5 
20.0 

19.0 
20.5 
26.0 
12.5 

10.0 
25.5 
11.0 
11.0 

ia5 

12.5 
11.6 


Con- 
trac- 
tion of 
area. 


Perct. 
49.1 
51.9 
46.2 
24.0 
24.0 
46.2 
51.9 
24.0 
24.0 

37.1 
43.3 
30.7 
40.3 
37.1 
43.3 
64.0 

ia2 

27.4 
24.0 

37.1 

30.7 
37.1 
43.3 
43.3 
20.6 
30.7 

34.0 
40.3 
51.9 
20.5 

16.9 
51.9 
16.9 
16.9 
20.5 
16.9 
13.2 


Elongation 
of  inch 
sections. 


.15,  .35* 
.33*,. 20 
.33*,. 22 
.09,  .17* 
.14,  .18* 
.  30*, .  10 
.18,  .32* 
.09.  .19* 
.19*,. 09 

.06,  .23* 
.11,  .33* 
.  19*, .  23* 
.15,  .33* 
.07,  .18* 
.32*,.  15 
.18,  .49* 
.09,  .14* 
.21*,.  13 
.11,  .20* 

.10,  .20* 

.11.  .21* 
.27*.  12 
.16,  ..32* 
.  32*, . 19 
.10.  .19* 
.22*,.  18 

.25*  .13 
.12,  .29* 
.15,  .37* 
.15*,.  10 

.07,  .13* 
.31*  .20 
.14*,.  08 
.08,  .14* 
. 14*, .  13 
.11.  .14* 
.  12*, .  11* 


Appearance  of  fracture. 


Fine  silky. 

Do. 

Do. 
Granular;  silky  center. 
Granular;  silky  spot. 
Fine  silky. 

Do. 
Granular;  silky  spot. 
Granular  and  silky  inter- 
spersed, 
^o. 
Silky. 

Granular;  silky  center. 
Silky. 

Do! 

Fine  silky;  cup-shaped. 

Granular. 

Granular:  silky  center. 

Silky.  50  per  cent;  granu- 
lar, 50  per  cent. 

Silky;  trace  of  granula- 
tion. 

Granular;  sUky  center. 

Silky. 

Do! 
Granular;  in  part  silky. 
Silky;  trace  of  granula- 
tion. 

Fine  silky. 

Fine  granular,  radiating 

from  silky  spot. 
Medium  fine  granular. 
Fine  silky. 

Granular;  silky  center. 
Granular. 
Granular;  silky  spot. 

Do. 
Granular. 


6-INCII  BARBETTE  CARRIAGES. 


970 
1993 


1993-2 


2410 
5950 


5950 


44,000 
53,000 

60,000 


70,500 
102,000 

108,500 


29.0 
11.5 


11.0 


61.9 
20.5 


16.9 


.18.  .40* 
.07,  .16* 

.14,  .08 


Silky 

Granular,    80    per    cent; 

silky,  20  per  cent. 
Granular;  silky  spot. 


8-INCn  DISAPPEARING  CARRIAGES. 


985 
1141 

2435 

56,500 
65,000 

90,500 
90,500 

26.5 
26bO 

49.1 
49.1 

.20,  .33* 
.37*,.  16 

Silky. 
Fine  silky. 

10-INCH  DISAPPEARING  CARRIAGES. 


755   

39,000 
61.500 
52,600 
54,600 

56,500 
103,500 
84,500 
92,500 

38.0 
19.5 
19.0 
24  0 

62.2 
34  0 
40.3 
54.6 

.48*,. 28 
.15,  .24* 
. 27*  .  11 
.35*,.  13 

Fine  silky. 

Do. 
Silky. 

Do. 

756    

283    

740-2          1603 

1 
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STEEL   F0BGING8,  GUN    AND   CABBIAGE   WORK. 

FORGED  STEEL— Qontimjied. 

Fbom  Watertown  Arsenal  Smith  Shop — Continued. 

10-INCH  DISAPPEARING  CARRIAGES— Continued. 


129 


Marks  F. 


743-2 
968 
973 
9S2 
973-2 
973 
991 
973-4 
1004 
1005 
1006 
1004-2 
1006-2 
1323 
1157 
1174 
1230 
1258 
1196 
1218 
1242 
1280 

1303 
1230-2 

1323-2 

1430 

1230^ 

1174-2 

1218-2 

1242-2 

1442 

1445 

1477 
147S 
1479 
1480 
1230 
1487 
1510 
1516 
1524 

1527 
1530 
1535 
1561 

1545 
1558 

1569 
1624 
303 
1681 

1684 

1687 

1545-2 

1093 

1684-2 
1687-2 
1603-2 

1729 
1731 


From 
ingot 
cast  at 
Water- 
town 
Arsenal, 
number. 


1504 
2030 


2788 

2433 
2733 
2788 
2451 

2782 
2788 

2788 
2822 
2788 
2406 
2733 
2788 
2822 
2822 


2788 


3334 

3281 
3283 

3339 
3337 
3283 
3634 

3230 
3330 

3343 
3230 


4109 

4689 

4600 

'3230 

4830 

4680 
4600 
4830 

4283 
5043 


TensUe 

limit 

strength 

per 

per 

square 

square 

inch. 

inch. 

Pounds. 

P(wnd#. 

^  'HW 

81,000 

00 

78,000 

;.    00 

73,600 

^.  flO 

79,000 

.-..i  .100 

84,000 

■1^.  1.100 

86,000 

.-    flO 

90.500 

.'.i.jKX) 

90.000 

.U.I  00 

69,000 

V-  ."00 

82,500 

:H..ii00 

57,600 

;«,  .00 

63,600 

54,1100 

64,000 

74,100 

139,600 

^'2.  ^00 

102,500 

:a\.  .-00 

85,600 

'^^  lOO 

133,000 

00 

92,000 

iOO 

98,000 

00 

135,000 

,  .«) 

78.500 

]:<  m 

100,500_ 

55,500 

102,600 

54,500 

119,000 

62,500 

129,000 

55,000 

87,500 

53,500 

119,500 

63,000 

106,000 

55,500 

102.500 

58,500 

97,000 

43,600 

89,000 

40,000 

87,500 

38,500 

63,500 

61,000 

66,000 

39,500 

66,500 

46,000 

68,000 

54,000 

119,000 

41,500 

66,500 

57,000 

108,000 

50,000 

82,000 

47,500 

98,000 

66,000 

112,500 

60,500 

103,500 

46,000 

88,000 

51,000 

97,500 

50,600 

87,000 

49,500 

104,000 

43,500 

78,600 

54,000 

107,000 

63,000 

99,500 

45,000 

99,000 

49,500 

106,000 

59.600 

126.500 

55,300 

90,900 

41,000 

90,  .500 

46,500 

106.000 

46.000 

112,500 

46,000 

97,500 

33,000 

72,000 

43,000 

104,500 

Elon- 
tlon. 


Con- 
trac- 
tion of 
area. 


Perct. 

Per  a. 

23.5 

43.3 

28.0 

46.2 

31.5 

51.9 

30.5 

51.9 

24.5 

54.6 

23.5 

64.6 

23.5 

49.1 

23.0 

57.2 

38.0 

64.7 

28.5 

46.2 

36.5 

66.9 

36.0 

66.9 

33.0 

71.3 

10.0 

16.9 

16.5 

24.0 

21.0 

43.3 

14.5 

24.0 

24.5 

40.3 

23.5 

43.3 

13.0 

20.5 

28.6 

61.9 

20.0 

34-0 

21.5 

37.1 

16.0 

20.6 

14.0 

24.0 

24.5 

49.1 

14.0 

20.6 

18.5 

40.3 

21.5 

30.7 

24.0 

46.2 

20.5 

34.0 

21.5 

30.7 

36.0 

62.2 

34.5 

66.9 

28.0 

66.9 

32.5 

62.2 

14.0 

20.5 

27.5 

62.2 

20.0 

34.0 

29.0 

51.9 

18.0 

30.7 

16.5 

34.0 

19.5 

37.1 

23.5 

40.3 

21.0 

30.7 

24.5 

46.2 

19.0 

27.4 

30.0 

51.9 

19.5 

27.4 

23.5 

46.2 

18.5 

30.7 

15.5 

30.7 

11.0 

16.9 

26.5 

51.9 

19.5 

27.4 

15.0 

20.6 

11.0 

13.2 

15.6 

27.4 

27.5 

46.2 

13.5 

20.5 

Elongation 
of  mch 
sections. 


«*,.ll 
54*,. 22 
:{6*,.27 
^»*,.25 
14,  .35* 
:r7*,.10 
i4*  .13 
10,  .36* 

55,  .41 
S6*,.21 
:.2*,.21 

.J4,  .46* 
16,  .50* 
.  13*,.  07 

56,  .  17* 
.  J9*  .  13 

10,  .  19* 
.  ;t4*, .  2.5* 
.23*,. 24* 
.17*  .09 
.36*  .21 
.23*,.  17 

.16,  .27* 
.20*,.  10 

.09,  .19* 
.36*,.  14 
.11,  .17* 
.09,  .28* 
.19*,.  24* 
.31*,.  17 
.30*,. 11 
.26*.  17 

.49*,. 23 
.30,  .39* 
.43*,.  13 
.28,  .37* 
.1.3,  .15* 
.^,.13 
.19*,.  21* 
.19,  .39* 
.11,  .25* 

.23*,.  10 
.12,  .27* 
.30*,. 17 
.23*,.  19* 

.29*,. 20 
.24*,.  14 

.24,  .36* 
.14,  .25* 
.15,  .32* 
.23*,. 14 


.08,  .14* 
.16,  .37* 
.14,  .25* 

.19*,.  11 
.  10*, .  12* 
.20*,. 11 

.37*.. 18 
.18*,. 09 


Appearance  of  fracture. 


Do. 

Do. 

Do. 
Fine  silky. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Granular;  silky  center. 

Do. 
Silky. 
Granular;  silky  center. 


^n-o 


Granular;  silkv  center. 

Fine  silky. 

Silky;  trace  of  granula- 
tion. 

SlUcy. 

Fine  granular;  silky  cen- 
ter. 
Do. 

Fine  silky. 

Granular. 

Silky. 

Fihc  granular. 

Silky;  trace  of  granula- 
tion. 
Fine  silky;  cup-shaped. 

Do. 

Do. 

Do. 
Granular. 
Fine  sUky. 

Granular,    60   per   cent; 
silky,  40  per  cent. 

Do. 

Granular;   silky   on   one 
side. 

Silky. 

Granular,    60    per   cent; 
silky,  40  per  cent. 

SUky. 

Granular;  silky  center. 

Silky. 

Silky ;  granular  at  circum- 
ference. 
Do. 

Granular;  silky  spot. 

Fine  silky. 

aranular,    60   per   cent; 
silky,  40  per  cent. 
Do. 

Granular. 

Granular,    50   per   cent; 
slUcy,  50  per  cent. 

Silky. 

Granular;  silky  spot. 


H.  Doc,  26,  f>^2 9 
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130  STEEL    F0ROING8,   GUN    AND    CARRIAGE    WORK. 

FORGED  6' TEEL— Continued. 
From  Watertown  Arsenal  Smith  Shop — Continued. 

lO-INClI  DISAPPEARING  CARRIAGES-Continued. 


From 

ingot 

cast  at 

Marks  F. 

Water- 

town 

Arsenal. 

number. 

1734 

:)0-14 

1727 

4110 

1684-3 

46«i 

1687-3 

4690 

1729-2 

4-28.3 

16©3-3 

4830 

1727-2 

4110 

1748 

4109 

1731-2 

504;i 

1763 

:iV>\ 

1762 

.5321 

1791 

.5321 

1769 

,'>527 

1769-2 

.5.V27 

1748-2 

4109 

1687-4 

4r>90 

1748-3 

4109 

1748-4 

4109 

176^3 

.5527 

1687-5 

4690 

1687-6 

4690 

Elastic 
Umit 
per 

square 
inch. 


Pounds. 
.5<i,000 

41.000 
4*).  000 

42.000 
54,000 
.W.-WO 
.54,000 
55,500 
45,000 
46,000 
50,  .'HX) 

.52.000 
34.000 
33.000 
51,. WO 
53,500 
48,  .500 
48,500 
44,. 500 
30,000 
39,000 


Tensile 
strength 

l>er 
square 
inch. 


Pounds 

\04,(m 

77,000 
98.000 

108.000 

95,  :m 

92. 500 
103,000 
72.000 
99,  .500 
94,. 500 
99,  .500 

107.  (XX) 
71,. 500 

72.  rm 

8.3,000 
114..5(X) 
79,000 
82.000 
85.000 
95.000 
94,000 


Elon- 
ga- 
tion. 


Per  cl. 
18.0 

27.0 
21.0 

13.0 
21.0 
22.5 
18.0 
31.5 
19.0 
16.5 
17.0 

16. 0 
20.5 
27.5 
2.5.0 
1.5.0 
28.5 
27.5 
21.0 
19. 5 
21.0 


Con- 
trac- 
tion of 
area. 


Pfrct 
37.1 

43.3 
34.0 

13.2 
46.2 
34.0 
37.1 
51.9 
27.4 
24.0 
34.0 

27.4 
46.2 
4<i.2 
59. 8 
20.5 
57. 2 
57. 2 
37.1 
27.4 
34.0 


Elon^tion 
of  inch 
sections. 


.10,  .26* 

.20,  .34* 
.1.5,  .27* 

.  1.3*, .  13* 
.31*,.  12 
.  23*, .  22* 
.23*.  13 
.23,   .40* 
.  19*, .  19* 
.  20*, .  13 
.00,   .25* 

.  22*, .  10 
.24,  .3.5* 
.17,  .38* 
.  25*, .  25* 
.15,  .15* 
.15,  .42* 
..39*,.  16 
.20,  .22* 
.20*,.  19* 
.16,   .24)* 


Appearance  of  fracture. 


Silkj':  trace  of  granula- 
tion. 

SUky. 

Silky:  trace  of  granula- 
tion. 

Granuliir. 

Fine  silky. 

Do. 

Granular;  .silky  spot. 

Do. 
Granular  and  silky  metal 

interspersed. 
Granular;  silky  spot. 
Silky;  oblique. 
Fine  silky. 

Do. 
Granular;  silkv  spot. 
Silky. 

Do.' 
Granular. 
Granular;  silky  center. 


12-INCH  DISAPPEARING  CARRIAGES. 


908 

54,500 

92,  .500 

25.0 

49.1 

. 35*, .  15 

Fine  silky. 

1230-3 

2788 

45.500 

108,000 

14.5 

24.0 

.07,   .22* 

Granular. 

1.522 

3282 

58.500 

100.  .500 

22.0 

37.1 

.  21*, .  23* 

Fine  silky. 

1541 

.3343 

47,500 

80,000 

30.0 

54.6 

.2.3,   .37* 

SUky. 

15,54 

3282 

44.000 

76.  .500 

29.5 

51.9 

.39*,.  20 

Fine  silky. 

1562 

4112 

47.000 

93,000 

21.5 

40.3 

.13,   .30* 

Silky. 

1565 

2785 

62,000 

118.500 

15.0 

27.4 

.09,   .21* 

Granular;  sUkv    spot  on 
8l(ie. 

1543 

2405 

38,000 

77,500 

2.5.0 

40.3 

.32*,.  18 

1627 

4281 

34,. 500 

64.500 

28.5 

46.2 

.21,   .3(5* 

1635 

4109 

3.8,000 

87,500 

20.0 

24.0 

.  16,     24* 

Silky,  40  per  cent;  granu- 
lar (X)  pier  cent. 

1648 

4113 

42,500 

88,000 

20.5 

37.1 

.11,   .30* 

Siikv:  trace  of  granula- 
tion. 
Granular. 

1657 

333.5 

43,000 

ia3,500 

12.0 

13.2 

.08,   .16* 

1667 

3»m 

54.500 

116.0a) 

13.5 

20.5 

.17*,.  10 

Granular;  silky  center. 

1672 

4280 

28,  .500 

63.000 

31.0 

43.3 

.20.   .42* 

Silkv. 

1682 

4385 

36,000 

73,000 

28.0 

49.1 

.  26*. .  30* 

Fine  silky. 

1627-2 

4281 

45,000 

78.  .500 

23.5 

46.2 

.  25*, .  22 

Silkv;  oblique. 

163.5-2 

4109 

46,50() 

93,  OCX) 

18.0 

24.0 

.1.5,   .21* 

Granular;  silky  spot. 

1648-2 

4113 

48,000 

93.000 

22.5 

37.1 

.  2.5*. .  20* 

Silkv. 

1672-2 

4280 

44.000 

78,000 

29.0 

.VJ.  8 

.35*,.2:i 

Fine  silky. 

16.57-2 

333.5 

38,000 

101.  (XX) 

15.0 

16.9 

. 17*. .  13 

Granular. 

1667-2 

.3826 

37,500 

101,000 

13.0 

16.9 

. 12*.   14* 

Do. 

1699 

3614 

57,000 

114,500 

11.0 

20.5 

.  15*, .  07 

Granular  at  circurnfcr- 
onoe:  silky  center. 

1682-2 

4385 

41.000 

72.000 

2.5. 5 

46.2 

.15.    .36* 

.Silkv. 

1690-2 

3614 

38,000 

74,000 

2.3.0 

34.0 

.29*,.  17 

l)o. 

l?24-2 

3614 

46,000 

101.500 

16.0 

27.4 

.10,   .22* 

Granular    circumference; 
silky  center. 

1672-3 

4280 

52,500 

86,000 

23.0 

54.6 

.10,   .36* 

Silky.       • 

1627-3 

4281 

.53,500 

90.000 

20.0 

46.2 

.20*,.  11 

t)o. 

1726 

3612 

56,000 

108,000 

17.0 

.m7 

.11,   .23* 

Granular.  70  per  cent; 
silkv.    :^X)  per  cent. 

1725-3 

3614 

42,500 

97.  .500 

17.5 

20.5 

.19*,.  16* 

Granular:  silky  spot. 

1690 

3(U4 

40.  .500 

77.000 

17.0 

20.5 

.15,  .19* 

Do. 

1682-3 

438.5 

44.. 500 

72,500 

28.5 

51.9 

.15,    .42* 

Fine  silky. 

1690-3 

3614 

45.000 

79.  .500 

28.5 

49.1 

.37*.. 20 

Do. 

1657-3 

3335 

48,000 

102,500 

16.5 

40.3 

.26*,. 07 

Silky;  trace  of  granula- 
tion. 
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FORGED  STEEL— QoTLivnued. 
From  Watertown  Arsenal  Smith  Shop — Continued. 

la-INCH  DISAPPEARING  CARRIAGES— Continued. 


From 

ingot 

Elastic 

Tensile  ! 

Con- 
trac- 
tion of 

Marks  F. 

cast  at 
Water- 

limit 
per 

strength'  Elon- 
per     1    ga- 

Elon^tion 
of  inch 

Appearance  of  fracture. 

town 

square 

squaro 

tton. 

sections. 

Arsenal, 

inch. 

inch. 

number. 

1 
Pounds.  Pownds.  Perct. 

Perct. 

0             0 

1667-3 

3826 

51,000 

109,500  ;    18.5 

1 

30.7 

.23*.  14 

Silky    center;  granular 
at  circumference. 

1723-4 

3614 

41,500 

72,000      30.0 

40.3 

.37*,. 23 

Fine  silky. 

1682-4 

4385 

52,000 

93.000 

23.0 

51.9 

.16,  .30* 

Silky. 

1?23^ 

3614 

49,500 

77,000 

29.0 

57.2 

.40*,.  18 

Fine  silky. 

1966 

3810 

44,500 

81,500 

28.0 

46.2 

.36*  .20 

Silky. 

12-INCH  MORTAR  CARRIAGES. 


1622.. 
1772.. 
1772-2 
1792. . 
180S.. 
1813.. 
1833.. 
1884. . 
1900.. 
1916.. 
1943. . 
1772-3 
1949... 
1956... 


3,826 
5,527 
5,527 
5,942 
5,527 
4,942 
3,825 
5,948 
5,189 
6,105 
5,948 
5,527 
6,106 
5,960 


44.500 
30;500 
34,000 
54,000 
42,500 
55,500 
59,500 
40,500 
56,000 
53,000 
47,500 
47,000 
60,500 
67,500 


ia5,000 
70,000 
77,000 

100,500 
88,500 
96,000 

121.000 
87,000 

108.500 
89,500 
80,000 
84,500 

108,000 

113,000 


17.0 
25.5 
28.0 
21.0 
21.5 
21.5 
16.0 
20.0 
20.0 
26.5 
27.6 
24.5 
14,5 
15.0 


27.4 
37.1 
49.1 
40.3 
37.1 
37.1 
24.0 
37.1 
37.1 
49.1 
49.1 
49.1 
27.4 
27.4 


.23*,. 11 
.24.  .27* 
.38*,. 18 
.30*,. 12 
.29*,. 14 
.21*,.  22* 
.14,  .18* 
.29*,.  11 
.24*,.  16 
.36*,.  17 
.17,   .38* 
.15,  .34* 
.08,  .21* 
.22*,. 08 


Silky  and  granular. 

Silky. 

Fine  silky. 

Do. 
Granular;  silky  npot. 

Do. 
Do. 
Do. 
Granular; 
Do. 


silky  center. 


MISCELLANEOUS. 


957.... 
957-2. 
969.... 
969-2.. 
980... 
1153... 
1154... 
1155... 


1156 

1378 

1398 

1448 

P.  d."  i83i-i! 

p.  O.  1831-2. 


3,051 
3,051 
2,435 
2,435 
2,453 
2,733 
2,754 


2,886 
2,789 


43,500 
116,500 
43,000 
47,000 
48,000 
50,500 
53,000 
53,000 

53,000 
49,500 
44,500 
50,000 
34,000 
65,000 


Fine  silky. 

Do. 
Silky;  trace  of  granulation. 
Silky. 

Do. 
Silky;  trace  of  granulation. 
Granular  and  silky  Inter- 
spersed. 
Fine  silky. 

Do. 
SUky. 
Silky;  trace  of  granulation. 


From  Camden  Forge  Company. 

6-INCII  DISAPPEARING  CARRIAGE. 


G.  L.  A.  1-25. 


O.  L.  A.  2-25. 
G.  L.  A.26... 


42,000 


43,000 
46,500 


92,500  '     17.0 


90.500 
99,500  i 


24.0 
20.0 


34.0 


34.0 
34.0 


.  25*, .  09      Silky,  with  granular  metal 

Interspersed. 
.28*,. 20    1  Silky. 
.23*,.  17    j         Do. 
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Tenacity  specimens,   excepting   those  having  elongation  given, 
which  latter  had  stems  6"  or  10"  long  each. 

FROM  WATERTOWN  ARSENAL  FOUNDRY. 


No.  of 
heat. 

1 

Description. 

Elongation 
of  0.25  per 
cent  at  load 
per  square 
inch  of— 

Pounds. 

Tenaile 

strength 

per  square 

inch. 

Appearance  of  fracture. 

311) 

322 
324 
326 
328 
338 
344 
338 
357 
365 
380 
384 
318 

325 
327 
327 
327 
329 
329 
329 
330 
331 
331 
331 
332 
332 
332 
334 
334 
334 
334 
334 
336 
336 
336 
337 
337 
337 
339 
339 
339 
341 
341 
341 
343 
343 
343 
346 
346 
346 
352 
351 
351 
351 
356 
356 
356 
351 
300 
360 
360 
370 
369 
369 
369 
370 
376 

6-inch     ditiappeanng 

carriages. 
do 

Pounds. 
30,000 

29,000 
32,000 
37,500 
31,000 
27,000 
30,500 
28.500 
29,600 
31,500 
31,000 
32,500 
30.500 

32,000 
33,000 
31,200 
30,400 
29,400 
30,000 
32,500 
34,000 
34.600 
32.100 
32,600 
33,500 
31,600 
32,500 
34,200 
31.700 
35,300 
34,300 
35.200 
33,600 
34,400 
35.000 
34,500 
32,700 
32,400 
33,500 
30,800 
32,400 
33,400 
35,100 
35,100 
33,400 
33,800 
33,200 
33,800 
30.500 
32,100 

34.  .500 
a5.400 
37.-500 
37,100 
33.900 
35,700 
34.800 

35,  .500 
:i5. 700 
34.200 
32,900 
31.. 500 
31,200 
34.700 
32.(100 
34.000 
31,070 

Granular;  gray. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Fine  granular;  gray. 

Do. 

Do. 

Do. 

Do. 
Granular;  gray. 

Do. 
Granular;  light  gray. 
Granular;  gray. 

Do. 

Do. 

Do. 

Do. 

Do. 
Granular;  light  gray. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Granular;  gray. 

Do. 
Granular;  light  gray. 

Do. 
Granular;  gray. 

Do. 

Do. 

Do. 
Fine  granular;  gray. 

Do! 

Do. 

Do. 

Do. 

Do. 

Do. 
Granular;  gray. 

Do. 

Do. 
Fine  granular;  gray. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

do 

10-inch  disappearing 

carriages. 
do 

do 

27,100 

do 

do 

do 

do 

do 

26,500 

do 

do 

27,800 

do 

do 

do 

26,000 

do 

do 

do 

27,100 

do 

do 

do 

do 

do 

27,400 

do 

do 

do 

27,200 

do 

do 

do 

26,100 

do. 

do: 

do.. 

26,500 

do 

do 

do 

do 

do 

27,200 

...do 

27.000 

do 

do 

do 

do 

do 

'"'2f.,'866" 

....do 

do 

26,;»0 

....do  .     ..     . 

do 

do      

do 

2t),900 

do 

do 

do 

...do                 .  . 

25. 100 

do 

....do  .           

do 

do 
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CAST   IRON. 


TENSION  TESTS  OF  CAST  IRON—Qontixmedi. 
FROM  WATERTOWN  ARSENAL  FOUNDRY— Continued. 


No.  of 
heat. 

Description. 

Elongation 
of  0.25  per 
cent  at  load 
per  square 
inch  of— 

Tensile 
strength 

Appearance  of  f  radon. 

382 
382 
382 
386 
388 
320 

321 
323 
335 
340 
342 
347 
348 
349 
350 
353 
354 
355 
358 
359 
362 
362 
363 
366 
364 
367 
364 
364 
368 
371 
372 
372 
374 
377 
375 
375 
375 
378 
378 
378 
379 
379 

379 
383 
385 
385 
387 
387 
389 
389 
389 
390 
390 
390 
392 

393 
394 
395 
396 

do 

Pounds. 
27,200 

Pound*. 
35,400 
30,100 
31,400 
32,500 
35.800 
30,000 

29,000 
29.500 
30,000 
39,000 
33,000 
28,500 
24,530 
25,050 
26,530 
29,170 
26,100 
28,040 
29,200 
25,800 
20.940 
27,930 
27.680 
32,  .WO 
32.600 
31,000 
32,100 
33,900 
26,910 
28,420 
20,8:« 
29,020 
32.  .WO 
31,000 
33.600 
37,900 
34.800 
35,100 
38,000 
37.500 
35.800 
29,000 

34.600 
34,000 
36,700 
34,100 
28,000 
37,100 
35,900 
32,800 
33,900 
36,400 
34.(300 
36,100 
32,000 

31,000 
37,000 
34.  .WO 
29,  .WO 

Fine  granular;  light  gray. 
Fine  granular;  gray. 

Do. 
Fine  granular;  gray;  dark  spot. 
Fine  granular;  gray. 
Granular;  gray. 

Do. 
Do. 
Do. 
Fine  granular;  gray. 

Da 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Fine  granular;  gray;  blow  holes. 
Fine  granular;  gray. 

Do. 

Do. 
Granular;  gray. 
Fine  granular;  gray. 

Do. 

Do. 

Do. 

Do. 

Do. 
Fine  granular;  gray;  two  smooth  glob- 
ular spots. 
Fine  granular;  gray. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

do 

....do 

do 

do 

12-inch  disappearing 

carriages. 
do 

27,  WO 

do 

do 

do 

do 

do 

do 

do 

....do 

do 

....do 

do 

do 

do 

do 

do 

do 

do 

do 

25,500 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

26,700 

do 

do 

27,400 

do 

do 

do 

27,800 

do 

do 

do 

do 

28,300 

do 

do 

..do... 

do 

27,700 

do 

do 

do 

27,200 

do 

do 

12-inch    mortar   car- 
riiiges. 



do 

do 

do 
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FROM  C.  H.  COWDREY  MACHINE  COMPANY. 


FROM  RICHMOND  IRON  WORKS. 
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Marks. 

Tensile 
strength 

per 
square 
Inch. 

Appearance  of  fracture. 

1-2 

Pounds. 
22,000 

Fine  granular;  gray. 

I>escilption. 

Elonga- 
tion at 
TfiftTJinnin 

load. 

Tensile 
strength 

Appearance  of  fracture 

Rra-lrA-flhoe  C«.«tfiig 

Per  cent. 
a50 

Pound*. 
29,100 

Medium  granular;  gray. 
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BBONZE. 


The  elastic  limits  stated  are  approximations,  and  signify  the  loads 
at  which  the  specimens  showed  mcreased  rates  of  elongation. 


From  Watertown  Arsenal. 

16-POUNDER  GUN  CARRIAGES. 


ICarkB. 

elaatic 

limit  per 

square 

inch. 

Tenfiile 
strength 

per 
square 
inch. 

Elon- 
gation. 

Co  - 
trac- 
tion of 
area. 

Elongar 
tion  of 
Inch  sec- 
tions. 

Appearance  of  fracture. 

1963 
2814 
2870 
2870-2 
3030 
4750 

PottfuU. 

Pounds. 
42,500 
33,500 
26,500 
27,500 
30,500 
71,000 

Perct. 

25.5 
4.5 
9.5 

10.0 
5.0 

21.5 

Perct. 

23.9 
5.7 

13.2 
9.5 
9.5 

20.5 

.26,     .25* 
.09*,  .04 
.11*,  .08 
.11*,  .09 
.08*,  .02 
.23*,   .20 

Light  yellow. 

Lavender. 

Lavender  and  light  yellow. 

Do. 

Do. 
Light  yellow. 

6-INCH  DISAPPEARING  CARRIAGES. 


2601 

2Q59 

2810 

2823 

2827 

2944 

2960 

2986 

3007 

2069-2 

3054 

3097 

3097-2 

3113 

3134 

3157 

3180 

3189 

3201 

.^«27 

3227-2 

3248 

3280 

328(V-2 

3339 

3374A 

8374B 

3354 

3374R 

3350-2 

3390A 


3355-3 

3415 

3422 

3415-2 

3529 

3900BK 

3011BK 

3921 

3033 

3039 

3951 

3966 

3069 

3979 

3981 


3993 
4069 
4078 
4007 

3529A2 

4251 

4136-4 


29,500 
31,500 
31,000 
33,000 
30,000 


31,000 
26,000 


25,500 


24,500 


30,000 


74,000 
74,000 
76,000 
76,000 
74,000 
65,500 
35,500 
57,500 
64,500 
65,500 
57,500 
73,500 
67,600 
74,000 
67,500 
68,500 
71,500 
64,000 
56,500 
64,500 
66,000 
62,500 
41,000 
65,500 
57,000 
60,500 
71,000 
51,000 
71,500 
25,500 
71,500 
64,000 
64,000 
54,500 
66,500 
54,000 
70,500 
70,000 
71,000 
71,600 
73,000 
62,500 
67,000 
67,000 
67,500 
66,500 
62,000 
67,000 
70,600 
64,000 
52,000 
50,000 
61,000 

74,500 
58,500 
57,000 


21.0 
12.5 
29.0 
30.5 
20.5 
12.0 
3.0 
6.0 
6.0 
8.0 
3.0 
18.0 
13.5 
9.0 
15.0 
15.0 
13.5 
4.5 
3.5 
17.0 
19.0 
6.0 
5.5 
17.6 
16.0 
9.5 
25.5 
11.0 
25.5 
3.0 
20.0 
22.0 
23.5 
15.0 
&0 
1&5 
19.0 
24.0 
33.5 
33.0 
3L0 
23.5 
37.0 
15.5 
9.0 
21.0 
2&0 

ao 

1&5 
26.0 
l&O 
31.5 
2a3 

2ao 

27.0 
14.0 


23.9 

9.5 

30.7 

30.7 

30.7 

13.2 

1.8 

9.5 

9.5 

13.2 

6.7 

23.9 

20.5 

9.5 

20.5 

20.5 

20.5 

6.7 

9.5 

20.5 

27.4 

13.2 

9.5 

24.0 

20.5 

20.5 

24.0 

20.5 

27.4 

6.7 

24.0 

27.4 

3a7 

3a7 

9.6 

3a7 

2a5 

3a7 

34.0 
34.0 
34.0 
24.0 
37.1 
2a5 

ia2 

27.4 
3a7 
9.6 
1&9 
27.4 
2a5 
340 
3a7 

3a7 
27.4 
2a5 


.23*,  .19 
.11,     .14* 
.32*,  .26 
.27,     .34* 
.29,     .30* 
.10,     .14* 
.01,     .05* 
.06,     .07 
.06,     .06* 
.06,     .10* 
.04*,  .02 
. 17,     .  19* 
.12,     .16* 
.08,     .10* 
.17*,  .13 
.16*,   .14 
.15*,   .12 
.06*,  .03 
.02,     .03* 
.14,     .20* 
.21*,  .17 
.05,     .07* 
.08*,  .03 
.15,     .20* 
.18*,  .14 
.07,     .12* 
.27*,  .24 
. 10,     . 12* 
.27*,   .24 
0,     .06* 
.22*,   .18 
.24,     .30* 
.29,     .18 
.13,    .17* 
.10*,  .06 
.22*,  .16 
.18,     .20* 
.21,    .27* 
.34*,  .33* 
.36*,  .90 
.31*,  .31* 
.20,    .27* 
.41*,  .33 
.  17*,  .  14 
.07,     .11* 
.20,    .22* 
.28*,  .24 
.08*,  .08 
.15*,  .08 
.28*,  .24 
.18*,  .18* 
.35*,  .28 
.21,    .25* 

.28,  .29* 
.28*,  .26 
.14*,  .14 


Dark  and  light  yellow. 
Light  and  lemon  yellow. 
Light  yellow. 

Do. 

Do. 
Light  yellow:  columnar. 
Lavender  and  lemon  yellow. 
Light  yellow:  columnar. 
Lavender  and  lemon  yellow. 
Light  yellow;  columnar. 

Do. 
Light  yellow. 

Do. 

Do. 

Do. 

Do. 

Do. 
Light  yellow;  irregular. 

Do. 
Light  yellow. 

Do. 
Light  yellow;  columnar. 
Lavender  and  lemon  yellow. 
Light  yellow;  colunmar. 
Light  yellow  and  lemon. 
Light  yellow. 

Do. 
Lavender  and  lemon  yellow. 
Light  yellow. 
Lemon  yellow. 
Light  yellow. 

Do. 
Light  yellow;  columnar. 
Lemon  yellow  and  lavender. 
Light  yellow. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Dark  yellow. 
YeUow. 
Light  yeUow;  brownish  tinge 

in  center. 
Light  yellow. 
Dark  yellow. 
Light  yellow. 
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BBONZE. 

From  Watertown  Arsenal — Continued. 

6-INCH  RAPID-FIRE  GUN  CARRIAGES. 


Marks. 


4276-1 
4297-1 
4316A 
4337  A 
4356A 
4356-2 
4276-2 
4531 


Approx- 
imate 
elastic 

limit  per 
square 
inch. 


Pounds. 


Tensile 
strength 

per 
square 
inch. 


Pownds. 
42,500 
50.500 
54,000 
45,000 
33,000 
51,500 
43.000 
52,000 


Con- 

Elongar 

Elon- 
gation. 

trac- 
tion of 

tion  of 
inch  sec- 

Appearance of  fracture. 

arpa. 

tions. 

» 

Per  a. 

Per  a. 

*       It 

lao 

ia2 

.10*,.  10* 

Light  lavender. 

15.5 

ia9 

.16*,.  15* 

Do. 

24.0 

24.0 

.21*,.  27* 

Light  yellow. 

&5 

1&9 

.07,  .10* 

Dark  yellow. 

lao 

2a5 

.14*..  12 

Light  lavender. 

14.5 

lao 

.14*,.  15 

Do.     • 

ia5 

ia2 

.10*,.  11* 

Do. 

15.5 

24.0 

.16*,.  15 

Light  yellow. 

G-INCH  BARBETTE  CARRIAGES. 


967F 

64,800 
72,500 

67,400 

36lO 
22.5 

29.5 

55.8 
54.6 

54.2 

095F 

995F 

.23,  .49*     Silky;  light  yellow. 
.35*,.  10       Fine  silky;  Ilglit  yellow;  cup- 
shaped. 
.  43*,.  16       Fine  silky;  light  yellow. 


10-INCH  DISAPPEARING  CARRIAGES. 


1486-2 
2040-1 
2156 
2050 
2096 
2101 
2165 
2168 
2183 
2186 
2189 
2193 
2199 
2212 
2217 
2218 
2219 
2220 
2253 
2280 
2281 
2212-2 
2203 
2304-2 
2305-2 
2306 

2368 
2378 

2331 
2378-2 
2420 
2460 
2630 
2647 
2665 
2698 
2746 
2778 
2785 
2831 
2829 
2916 
2917-2 
2883 
2967 


35,000 
30,000 


30,000 
30,500 


31,500 
32,000 


31,000 
30,000 
29,000 
28,500 


30,000 


28.000 
29.500 


48,000 

77,500 

43,000 

76,000 

73,000 

73,000 

75,500 

37,000 

77,000 

73,500 

35,000 

71,000 

74,500 

33,000 

77,500 

75,000 

74,500 

72,000 

36,000 

44,500 

47,000 

34,000 

42,500  , 

50,500  ! 

40,500  I 

62,500  ' 

50,000 
31,000 

57,000 
61,500 
57,000 
63,000 
62.000 
63,500 
63.500 
58,000 
58,500 
55,000 
60,000 
67,500 
41,500 
72,000 
75,500 
67,000 
41,500 


30.5 
26.5 
20.0 
24.0 
20.0 
19.0 
25.5 
10.5 
25.0 
22.0 
12.0 
16.5 
21.5 
8.5 
27.5 
25.0 
28.5 
22.5 
18.0 
37.0 
40.5 
11.0 
36.0 
33.5 
26.5 
14.5 

19.0 
2.5 

16.5 
22.0 
21.0 
16.5 
25.0 
24.0 
16.5 
14.5 
22.5 
16.0 

8.5 
16.5 

3.0 
19.0 
29.0 
15.0 

4.0 


34.0 
30.7 
16.9 
30.7 
27.4 
30.7 
23.9 
13.2 
23.9 
23.9 
13.2 
23.9 
23.9 
9.5 
27.4 
27.4 
27.4 
20.5 
13.2 
34.0 
37.1 
20.5 
37.1 
34.0 
23.9 
20.5 

20.5 
5.7 

20.5 
27.4 
23.9 
20.5 
23.9 
30.7 
16.9 
16.9 
30.7 
13.2 

9.5 
20.5 

1.8 
20.5 
27.4 
20.6 

9.5 


.34*. 

.27*, 

.21, 

.26*. 

.  22*, 

.17. 

.28*. 

.12*, 

.25*. 

.20, 

.12, 

.14, 

.20, 

.09, 

.28, 

.26*, 

.30*, 

.25*, 

.17. 

.22, 

.47*. 

.15*. 

.40*, 

.34*, 

.30*, 

.16*, 

.19* 
.04*, 

.17*, 

.19, 

.19. 

.18*. 

.30*, 

.21. 

.18*. 

•  12, 

.21, 

.19*, 

.08, 

.14, 

.01. 

.19*, 

.25. 

.13, 

.05*, 


,27 
,26 
,19* 
22 
18 
,22* 
,23 
09 
,2.5* 
,24* 
,12 
19* 
,23* 
,0.S 
,29* 
24 
27 
20 
,19* 
41* 
34 
07 
,32 
33 
23 
13 

19 
01 

16 
25* 
,23* 
15 
20 
,27* 
15 
,17* 
,24* 
13 
09* 
19* 
05* 
19 
3,3 
17* 


Brownish  yellow. 
Light  yellow. 
Dark  lavender. 
Light  yellow. 

Do. 

Do. 

Do. 
Lavender. 
Light  yellow. 

Do. 
Light  yellow  and  lavender. 
Light  yellow. 

Do. 
Lavender. 
Light  yellow. 

Do. 

Do. 

Do. 
Light  yellow  and  lavender. 
Light  yellow. 

Do. 
Lavender  and  light  yellow. 
I/ight  yellow. 
Brownish  yellow. 

Do. 
Light  lavender  and  lemon  yel- 
low. 
Light  lavender. 
Light  lavender  and  lemon  yel- 
low. 
Light  lavender. 
Light  yellow. 

Lavender  and  light  yellow. 
Light  yellow. 

Do. 

Do. 

Do. 

Do. 
Brownish  yellow. 
Light  vellow. 

Do. 

Do. 
Dark  and  lemon  yellow. 
Light  yellow. 

Do. 

Do. 
Light  and  lemon  yellow. 
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10-INCH  DISAPPEARING  CARRIAGES— Continued. 


Marks. 


Approx- 
imate 
elastic 

limit  per 
square 
inch. 


2884-2 
2968-2 
2832-2 

3075 
2829-2 

3090 

3269 
3389-4 

3388 
3390B 
3409-2 
3409-3 
3410-1 
3410-3 

3540 
3554B  I 
3564B 
3538S2  I 
3540S2  I 
3568F  ^ 
3573B 
3e27A  I 
3628A  ; 
3641 A 
3642S  I 
3627S2 
3628S2  I 
36438 
3700B 
38US  { 
3812S 
3833S2 

3833BK3 

3106  ' 

2682 

3629A 

3633A 

3630A2 

3645A 

3630-3 

3646  A  2 

3630-4 

3814B 

4237 

4637 

4643 

4680 

4734 

4734-2 


Pounds. 
26,500 
34,000 


Tensile 
strength 

per 
square 
inch. 


Elon- 
gation. 


Con- 
trac- 
tion of 
area. 


31,000 


41,000 
38,000 


31,000 
27,000 


28,500 


29,500 
31,500 


28,500 


Pounds. 
66,000 
46.500 
68,500 
58,000 
83.000 
37,500 
46,000 
71,000 
60.000 
72,500 
70,500 
69,500 
70.000 
66,000 
55,500 
62.000 
61,500 
70,500 
71.000 
29,000 
62,500 
&3,500 
50,000 
51,000 
71,500 
71,000 
71,000 
72,000 
35,500 
67,000 
60,000 
67,000 


Per  ct. 
15.0 

2.5 
17.0 

2.5 
18.0 

8.0 
29.0 
19.5 
19.5 
31.5 
26.0 
25.0 
25.0 
17.5 

8.5 
16.0 
19.5 
25.0 
25.5 

2.6 
10.0 
14.5 
10.5 

5.0 
28.0 
27.5 
26.5 
28.5 
25.0 
26.6 
22.0 
15.0 


70,500 

26.0 

35,500 

7.5 

54,500 

14.0 

65,000 

14.6 

67,000 

20.0 

67,000 

17.5 

62,500 

19.0 

44,600 

4.6 

63,500 

19.5 

69,000 

21.0 

69,600 

34.0 

50,500 

22.5 

65,000 

36.0 

65,500 

31.6 

62,000 

35.5 

26,000 

7.0 

21,000 

4.0 

Perct. 
20.5 

0. 
23.9 

&.7 
20.5 

9.5 
23.9 
24.0 
20.5 
30.7 
27.4 
27.4 
24.0 
20.5 
13.2 
20.5 
24.0 
30.7 
27.4 

5.7 
13.2 
16.9 
13.2 

9.6 
30.7 
30.7 
27.4 
30.7 
27.4 
24.0 
24.0 


30.7 
13.2 
16.9 
16.0 
27.4 
20.5 
24.0 
9.6 
24.0 
20.5 
37.1 
24.0 
37.1 
30.7 
37.1 
1.8 
5.7 


Elonga- 
tion of 
inch  sec- 
tions. 


17*,. 13 
03,  .02 
19*,.  15 
.14*,. 01 
.17,  .19* 
.09*,. 07 
.26,  .32* 
.18,  .21* 
.18,  .21* 
.30,  .33* 
.23,  .29* 
.23,  .27* 
.27*,. 23 
.16,  .19* 
.06,  .11* 
.14,  .18* 
.18,  .21* 
.22.  .28* 
.28*,. 23 
.01;  .04* 
.09,  .11* 
.15,  .14 
.09,  .12* 
.04,  .06 
.30*,. 26 
.26,  .29* 
.28*,.  25* 
.26,  .31* 
.26*,.  24 
.27*,.  26 
.26*,.  19 
.14,  .16* 

.28*,.  24 
.05,  .10* 
.15*,.  13 
.15*,.  14 
.18,  .22* 
.19*,.  16 
.21*,.  17 
.03,  .06* 
.16,  .23 
.24*,.  18 
.39*,. 29 
.22,  .23* 
.38*,.  34 
.32*,. 31 
.36,  .36* 
.09,  .05 
.04,  .04* 


Appearance  of  fracture. 


LiRht  vp!Io^\. 

Li^rhT  biitil  k^rnon  yellow. 

Llt:lil  yullow. 

Llu'hi  vvllow;  columnar. 

L\\r.\\:  yellow. 

LhvrrifUT. 

Dbrk  vnKruv. 

Lii;lil  v^'ilow. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Lavendar  and  lemon  yellow. 
Brownish  yellow. 
Light  yellow. 

Do. 
Light  and  lemon  yellow;  cavity. 
Light  yellow;  oblique. 
Light  yellow. 

Do. 

Do. 
Light  golden  yellow. 
Light  yellow;  oblique. 
Light  yellow. 
Brown   and   yellow;    broke   in 

head. 
Light  yellow. 

Light  yellow  and  lavender. 
Brownish  yellow. 
Light  yellow. 

Do. 

Do. 

Do. 
Lavender  and  lemon  yellow. 
Light  yellow. 

Do. 
Light  yellow;  oblique. 
Dark  yellow. 
Light  yellow. 

Do. 

Do. 
Gray  and  dark  yellow. 
Dark  lavender. 


12-INCn  DISAPPEARING  CARRIAGES. 


1932    1  29,000 

1982-2         22,500  30,500 

3449  I I  66,500 

3538S  ' 66,500 

.3742BK    !  35,500 

3859BK3  1 60,500 

3880BK  1 69,000 

3887BK    67,000 

3894BK    71,000 

3917    71,000 

3975    64,500 

3975  1 65,000 

4005  1 ^  62,500 

4007  , 66,000 

4015    i  35,000 

4020    58,500 


4.5 

6.7 

8.0 

13.2 

14.6 

16.9 

19.0 

24.0 

24.6 

20.6 

22.6 

20.6 

30.0 

34.0 

39.0 

37.1 

36.0 

37.1 

26.5 

27.4 

7.6 

9.6 

8.6 

9.6 

29.6 

30.7 

29.0 

30.7 

26.0 

27.4 

28.5 

34.0 

.06*, 
.09*., 
.17*,, 
.20*,, 
.25*, 
.19,  , 
.28,  , 
.39*,, 
.40*, 
.26*,, 
.08*,. 
.08,  , 
.29,  , 
.31*,. 
.28*,, 
.26, 


Lemon  yellow. 
Lavender. 
Light  yellow. 

Do. 
Dark  yellow. 
Light  yellow. 

Do. 
Light  yellow;  oblique. 
Light  yellow. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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BRONZE. 

Fbom  Watertown  Arsenal — Continued. 

12-INCH  DISAPPEARING  CARRIAGES— Continued. 


MarkB. 


Approx- 
imate 
elastic 

limit  per 
square 
Inch. 


Tensile 
stren^h 

per 
square 
Inch. 


Elon- 
gation. 


Con- 
trac- 
tion of 
area. 


Elongar 
tlon  of 

inch  flec- 
tions. 


Apiwarance  of  f  racturd. 


Pounds. 


4040 
4057 
4062 
4062 
4109 
3844B 
3863B 
4035 
4123 
4134 
4144 
4154 
4148 
4161 
4165 
4190 
4175 
4181 
4185 
4193 
4199 
4209 
4135-3 

4173-2 
4221 
4158-2 
4173-3 
4158-4 
4243 
4248 
4377 
4379 
4402 
4412 
4416 
4421 
4434 
4445 
4452 
4465 
4474 
4477 
4173 
4562 
4567 
4575 
4599 
4604 
4735 
4735-2 


21,000 
26,000 


23,000 


21,000 


27,000 
26,000 
22,000 
22,500 


24,000 
25,000 


Pounds. 
50,000 
61,000 
69,000 
72,500 
57,600 
59,180 
64,000 
63,500 
58,000 
50,500 
67,500 
35,500 
36,500 
68,500 
71,600 
69,500 
72,500 
68,000 
72,000 
71,500 
73,000 
72,000 
72,000 
29,500 

64,000 
71,500 
36,000 
58,500 
57,500 
71,500 
7i;(»0 
68,000 
71,500 
70,000 
68,500 
68,500 
68,000 
67,500 
67,000 
67,000 
63,500 
67,000 
65,500 
62,500 
68,000 
60,000 
65,500 
66,500 
65,000 
71,000 
57,500 


Perct. 
29.0 
27.0 
34.0 
33.5 
21.5 
31.5 
10.6 
13.5 
28.5 
14.0 
30.0 
21.0 
23.5 
32.0 
29.0 
25.0 
32.5 
21.0 
28.0 
33.0 
31.5 
28.5 
29.5 
2.5 

8.0 
27.5 

4.0 

7.0 
12.0 
29.0 
30.5 
12.5 
31.0 
33.5 
32.5 
33.5 
35.5 
38.5 
32.5 
34.5 
22.5 
35.0 
41.5 

7.0 
28.5 
30.0 
37.0 
35.0 
37.5 
10.5 

9.5 


Perct. 
30.7 
27.4 
34.0 
34.0 
24.0 
34.0 
13.2 
24.0 
27.4 
16.9 
34.0 
16.9 
24.0 
30.7 
34.0 
27.4 
30.7 
27.4 
27.4 
30.7 
34.0 
30.7 
30.7 
9.6 

.  9.6 
30.7 
9.6 
9.6 
20.5 
27.4 
34.0 
20.5 
37.1 
34.0 
34.0 
34.0 
34.0 
37.1 
34.0 
34.0 
30.7 
34.0 
40.3 
13.2 
30.7 
34.0 
37.1 
37.1 
37.1 
13.2 
16.9 


.27,  .31* 
.26*,.  28* 
.35*,.  33* 
.31,  .36* 
.20,  .23* 
.30,  .33* 
.09,  .12* 
.16*,.  11 
.30*,. 27 
.13*,.  15* 
.26,  .34* 
.19,  .23* 
.22,  .25* 
.35*,. 29 
.30*,. 28* 
.22,  .28* 
.30,  .35* 
.19,  .23* 
.26,  .30* 
.30,  .36* 
.32*,. 31* 
.30*,. 27 
.27,  .32* 
0.,      .05* 

.07,  .09* 
.31*,.  24 
.06*,. 02 
.05,  .00* 
.14*,.  10 
.27,  .31* 
.30,  .31* 
.11,  .14* 
.32*,. 30 
.30,  .37* 
.30,  .35* 
.32,  .35* 
.40*,. 31 
.45*,.  32 
.30,  .35* 
.33,  .36* 
.20,  .25* 
.31,  .30* 
.36,  .47* 
.06,  .08* 
.26,  .31* 
.28,  .32* 
.40*,. 34 
.38*,. 32 
.33,  .42* 
.11,  .10 
.10,  .09 


Light  yellow. 

Do. 
Light  yellow;  oblique. 
Light  yellow. 
Light  and  medium  yellow. 
Light  yellow. 
Light  yellow;  irregular. 

Do. 
Light  yellow. 
Dark  yellow. 
Light  golden  yellow. 
Dark  yellow. 
Light  yellow. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Greenish  yellow,  60  per  cent: 

light  yefiow,  40  per  cent. 
Light  yellow;  coarse  granular. 
Light  yellow. 
Light  and  lemon  yellow. 
Light  yellow;  coarse  granular. 
Light  and  lemon  yellow. 
Light  yellow. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Light  yellow;  coarse  granular. 
Light  yellow. 

Do. 

Do. 

Do. 

Do. 

Do. 
Lavender;  yellow  spot. 


12-INCH  MORTAR  CARRIAGES. 


1545 

1545-2 
4480 
4483 
4486 
4500 
4503 
4532 
4510 
4516 
4540 
4546 
4554 


34,500 

46,000 
68,500 
67,000 
64,200 
67,500 
68,000 
66,000 
61,000 
66,500 
66,000 
66,000 
67,000 


8.5 

20.5 

.05,  .12* 

Light  yellow  and  trace  of  lav- 
ender. 

31.0 

27.4 

.30*,. 32 

Do. 

30.5 

27.4 

.33*,.  28 

Light  yellow. 

37.0 

37.1 

.32,  .42* 

Do. 

4L0 

40.3 

.30,  .43* 

Do. 

32.5 

34.0 

.29.  .36* 
.33*,. 28 

Do. 

30.5 

34.0 

Do. 

33.5 

37.1 

.31,  .36* 
.05*,. 04 

Do. 

4.5 

9.6 

Lemon  yellow. 

32.0 

34.0 

.34*,. 30 

Light  yellow. 

40.0 

40.3 

.45*,. 35 

Do. 

40.5 

43.3 

.3e»,.45* 

Do. 

40.5 

40.3 

.39,  .42* 

Do. 
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12-INCH  MORTAR  CARRIAGES-Continued. 


Marks. 

Approx- 
imate 
elastic 

limit  per 
square 
inch. 

Pounds. 

TensUe 
strength 

per 
square 
Inch. 

Elon- 
gation. 

Con- 
trac- 
tion of 
area. 

Elonga- 
tion of 
inch  sec- 
tions. 

Appearance  of  fracture. 

4560 
4561 
4565 
4569-2 
4578 
4579 
4583 
4589 
4600 
4605 
4609 
4613 
4619 
4623 
4632 
4665 
4659 
4670 
4674 
4711 
4717 
4722 
4726 
4738 
•      4740 
4746 
4763 
4770 
4774 
4778 

Pounds. 
62,000 
65,500 
67,000 
68,000 
66,000 
68,000 
63,000 
65,000 
65,500 
65,000 
65,500 
67,500 
66,000 
67,000 
67,000 
65,000 
64,500 
66,000 
66,500 
67,000 
66,500 
68,500 
66,600 
67,500 
66,000 
62,500 
69,500 
71,500 
60,500 
63,000 

Per  ct. 
23.0 
36.0 
37.5 
36.0 
30.0 
36.5 
32.6 
35.0 
39.0 
37.0 
41.0 
39.0 
34.0 
38.5 
41.0 
33.5 
41.0 
37.5 
33.0 
40.5 
39.5 
36.5 
35.5 
36.0 
39.0 
35.0 
34.0 
23.5 
30.0 
40.3 

Perct. 
30.7 
37.1 
37.1 
34.0 
30.7 
37.1 
37.1 
40.3 
40.3 
40.3 
46.2 
37.1 
34.0 
40.3 
46.2 
37.1 
37.1 
37.1 
37.1 
37.1 
40.3 
37.1 
34.0 
37.1 
37.1 
30.7 
34.0 
24.0 
34.0 
37.1 

0       0 
.21,  .25* 
.32,  .42* 
.36,  .39* 
.32,  .40* 
.28,  .32* 
.40*,. 33 
.28,  .37* 
.40*,. 30 
.43*,. 35 
.41*,.  33 
.44*,. 38 
.34,  .44* 
.31,  .37* 
.34,  .43* 
.34,  .48* 
.43*,. 24 
.43*,. 39 
.33,   .42* 
.38*,. 28 
.4t)*,.35 
.33,  .46* 
.31,  .42* 
.38*,. 33 
.41*,.  31 
.41*,.  37 
.31,  .39* 
.38*,.  30 
.26*,. 21 
.25,  .36* 
.44*,. 37 

Lljlit  yellow. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

5,  6,  10,  AND  12  INCH  DUMMY  B.\NDS. 


1472 
1422-2 
1448 
1462 
1487 
1497 
1511 
1636 
1621 
1629 
1646 
1664 

1660 
1668 
1602 
1630 

1635 
1643 
1661 
1681 
1697 
1714 
1731 
1737 
1743 

1697-2 

1737-2 

1643-2 

1768 

1774 

1781 


65,000 
67,000 
66,500 
66,500 
66,000 
66,000 
65,500 
69,000 
63,000 
66,000 
67,000 
46,000 

62,000 
65,500 
63,000 
60,500 

69,000 
30,200 
58,500 
62,500 
42.500 
61,600 
58,500 
36,000 
56,000 

24,000 
33,000 
28,000 
62,000 
64,000 
63,500 


19.5 
25.0 
16.0 
17.5 
20.5 
13.2 
23.5 

8.6 
IP.O 
16.0 
16.0 

3.5 

14.5 
15.0 
5.0 
3.0 

6.0 
2,0 

mo 

9.0 
2.5 
13. -5 
16.0 
1.6 
8.0 

2.5 
3.5 
2.5 
11.5 
14.5 
18.0 


20.5 
30.7 
20.6 
23.9 
20.6 
16.9 
23.9 
13.2 
23.9 
16.9 
20.5 
9.5 

20.5 
16.9 
5.7 
1.8 

6.7 
4.4 
13.2 
13.2 
5.7 
16.9 
20.5 
1.8 
9.5 

5.7 
4.4 
2.0 
16.9 
16.9 
20.5 


.20*,.  19 
.26*,.  24 
.14,  .18* 
.16,  .20* 
.20,  .21* 
.12,  .16* 
.22.  .25* 
.10*,.  07 
.20*,.  16 
.17*,.  15 
.17*,. 13 
.01,  .06* 

.12,  .17* 
.15,  .15 
.04,  .06* 
.02,  .04* 

.08*,. 04 

0.,       .04* 

.11*,.  09 

.08,  .10* 

0.,      .05* 

.11,  .16* 

.17*,.  15 

0.,       .03* 

.06,  .10* 

.04*,.  01 
0.,  .07* 
0.,  .05* 
.10,  .13* 
.14,  .15* 
.19*,.  17 


Lavender  and  light  jrellow. 
Uniform  light  yellow. 

Do. 

Do. 
Light  yellow. 

Lavender  and  light  yellow. 
Light  yellow. 

Do. 

Do. 

Do. 

Do. 
Lavender  and  lemon  yellow 

spots. 
Light  yellow. 
Lavenaer. 

I^a vender  and  light  yellow. 
Lavender  and  lemon  yellow 

spots. 
Lavender  and  light  yellow. 
I^mon  jrellow. 
Lavender  and  light  yellow. 

Do. 
Lemon  yellow. 
Lavender. 

Do. 
Lemon  yellow. 

Lavender:    columnar    struc- 
ture. 
Lavender  and  lemon  yellow. 

Do. 

Do. 
Lavender  and  light  yellow. 

Do. 
Light  yellow. 


H.  Doc.  26,  5»-2 10 
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BBONZE.   . 

From  Wateetown  Absbnal — Continued. 


6,  6, 10,  AND  12-INCH  DUMMY  BANDS-Contlnuod. 


Marks. 


1789 

17W 
1806 
1811 
1817 
1823 
1829 
1835 
1841 
1847 
1853 
1863 
1871 
1877 
1883 
1900 
1906 
1012 
1922 
1033 
1941 
1951 
1955 
1966 
1974 
1980 
1986 
1992 
1908 
2007 
2015 
2016 
2022 
2028 
2034 
2045 
2051 
1055-2 
2007-2 
2074 
2126 
2062 
2068 
2128 
2134 
1966 
2016 
2159 


2559 
3519 
3452 


3502 
3542A 


Approx- 
imate 
elastic 

limit  per 
square 
inch. 


Pounds. 


Tensile 
strength 

per 
square 
inch. 


Pound*. 
64,500 

59,000 
60,500 
61,000 
60,500 
59,500 
63,500 
60,500 
58,000 
49,500 
60,000 
56,500 
66,000 
63,500 
63,500 
62,000 
61,000 
61,500 
63,500 
60,^ 
61,000 
74,500 
35,000 
63,000 
62,200 
60,500 
38,500 
60,500 
50,500 
44,500 
58,500 
39,500 
60,500 
62,000 
62,300 
61,000 
63,000 
49,500 
48,000 
50,500 
57,000 
60,500 
60,000 
55,500 
60,500 
36,000 
35,500 
63,500 
63,500 
64,500 
65,500 
61,500 
47,000 

60,600 
61,600 
63,000 


Elon- 
gation. 


Perct. 
14.5 


13.0 

26.0 

9.5 


Con- 
trac- 
tion of 
area. 


Perct. 
20.5 


12.5 

16.0 

12.0 

13.2 

9.0 

13.2 

9.5 

13.2 

19.0 

16.9 

9.0 

13.2 

11.0 

16.9 

8.0 

13.2 

3.0 

1.8 

12.5 

16.9 

17.0 

20.5 

16.0 

20.5 

21.0 

23.9 

28.0 

30.7 

18.0 

20.5 

12.0 

20,5 

19.5 

20.5 

11.0 

16.9 

12.0 

2a5 

12.5 

13.2 

14.5 

20.5 

2.0 

1.8 

5.5 

9.5 

3.5 

0.5 

8.0 

13.2 

2.0 

1.8 

15.0 

20.5 

3.5 

9.5 

2.5 

5.7 

19.5 

27.4 

2.0 

1.8 

15.0 

20.5 

15.5 

20.5 

10.0 

18.5 

8.0 

13.2 

9.5 

13.2 

3.6 

9.5 

3.6 

9.6 

14.5 

20.6 

39.5 

40.3 

22.0 

27.4 

18.5 

20.6 

21.5 

27.4 

26.0 

30.7 

2.5 

1.8 

0. 

0. 

20.0 

23.9 

17.6 

24.0 

11.5 

16.9 

13.5 

16.9 

28.0 

30.7 

2.5 

6.7 

16.9 
30.7 
13.2 


Eiongar 
tlon  of 

inch  sec- 
tions. 


.16*,.  13 

.14*,.  11 
.14*,.  10 
.10*,. OR 
.10*,.  09* 
.13,  .15* 
.10*,.  08 
.13*,. 09 
.09*,. 07 
.05*,. 01 
.10,  .15* 
.10*,.  15 
.14,  .18* 
.22*,. 20 
.31*,.  25 
.21*,.  15 
.14*,.  10 
.10*,.  20* 
.12*,.  10 
.10,  .14* 
.12,  .13* 
.13,  .16* 
.03*.. 01 
.00*,. 05 
.04*,. 03 
.07,  .00* 
.03*,. 01 
.13,  .17* 
.03,  .04* 
.02,  .03* 
.18,  .21* 
0.,   .04* 
.16*,. 04 
. 18*, .  13 
.09,  .11* 
.00*,. 07 
.08,  .11* 
.03,  .04* 
.04*,.03> 
.14*,.  15* 
.45*,. 34 
.23*,. 21 
.20*,.  17 
.24*,.  19 
.26*,  .26 
.05*,  0. 


.23*,.  17 
.14,  .21* 
.14*,. 09 
.14*,.  13 
.30*,.  26 
0.        .05* 

.14*,,  12 
.23,  .29* 
.08,   .11* 


Appearance  of  fracture. 


Light  yellow;  columnar  struc- 
ture. 
Light  yellow. 

Do. 

Do. 

Do. 
Lavender. 
Lavender  and  light  yellow. 

Do. 

Do. 
Lemon  yellow. 
Light  yellow. 
Lavender. 

Lavender  and  light  yellow. 
Light  yellow. 

Do. 
Lemon  yellow  and  lavender. 
Dark  lavender. 
Lavender  and  light  yellow. 
Light  yellow. 

Do. 
Lavender. 

Uniform  tteht  yellow. 
Lemon  yellow. 
Lavender. 
Lavender  and  lemon  yellow. 

Do. 
Lemon  yellow. 
Lavender. 

Lavender  and  lemon  yellow. 
Lemon  yellow. 
Light  yellow. 
Ijemon  yellow. 
Lavender  yellow. 
Light  yellow. 

Do. 

Do. 

Do. 
Lemon  yellow  and  lavender. 

Do. 
Lavender. 
Silky;  light  yellow. 
Lavender. 

Do. 
Light  yellow. 

Do. 
Lemon  yellow. 
Lemon  yellow:  blow  hole. 
Lavender  and  light  jrellow. 

Do. 

Do. 

Do. 
Light  yellow. 
Light  yellow;  lemon  yellow 

spots. 
Light  yellow. 

Do. 

Do. 


Bbonze  Ingots. 


4188 
4189 
4199 
4219 
4220 
4236 
4240 
4241 


27,000 

36,000 

28,500 

36,000± 

32,500 

32,000 


66,000 

37.5 

34.0 

60,500 

60.6 

54.6 

68,000 

47.5 

40.3 

73,000 

7.5 

9.6 

63.500 

18.0 

20.5 

85,500 

20.0 

24.0 

81,000 

17.6 

20.5 

83,500 

16.0 

16.9 

.30*,. 36 
.61*,.  50* 
.62*,. 43 
.08,  .07* 
. 18*, .  18* 
.20*,. 20* 
. 17*, . 18* 
.17*,. IS* 


Light  yellow;  flneailky. 

Do. 

Do. 
Light  yellow;  fine  granular. 
Dark  lavender;  fine  granular. 
Light  yellow;  fine  granular. 

Do. 

Do. 
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BRONZE. 
COMPRESSION  TEST  OF  TOBIN  BRONZE, 

Specimen  from  recoil  buflfer  No.  10,  6"  barbette  carriage. 
Hammered  hot. 

No.  1183. 
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Length  of  specimen  over  all,  5". 
Diameter,  1^. 

Sectional  area,  .7854  square  inch. 
Gauged  length,  4'^. 


Applied  loads. 


ToUl. 

Peraqaan 
inch. 

PovkndB, 

Pou-nda. 

786.4 

1,000 

3,927 

5,000 

7,854 

10,000 

11,781 

15,000 

16,708 

20,000 

19,635 

25,000 

20,420 

26,000 

21,206 

27,000 

21,991 

28,000 

22,777 

29,000 

23,562 

30,000 

24,347 

31,000 

25,133 

32,000 

25,918 

33,000 

26,764 

.    34,000 

27,489 

35,000 

28,274 

36,000 

29,060 

37,000 

29,845 

38,000 

30,631 

39.000 

31,416 

40,000 

46,700 

69,460 

In  gauged  length. 


Compres- 
sion. 


Inch. 
0. 

.0011 
.0026 


.0050 


Set. 


Inch. 
0. 
0. 

a 
a 

0. 


.0060 
.0069 

0. 

.0071 

.0074 

.0078 

.0081 
.0084 

.0001 

.0067 

.0092 

.0097 

.0104 
.0111 

.0008 

.0124 

.0147 

.0184 

.0220 

.0102 

RemarkB. 


Initial  load. 


Elastic  limit. 


Ultimate  strength. 


Failed  by  triple  flexure. 
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COPPER. 

Sheabing  Test  op  Rod  Coppeb. 


Diameter  of  rod,  i''. 

Diameter  at  root  of  groove,  J". 

Total  shearing  area  (two  planes),  .22  square  inch. 


Sample. 

Shearing  stzength. 

Total. 

Per  square 
inch. 

1 : 

Pounds. 
6,520 
6,&30 

Poundt. 
29,600 
29,700 

2 
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CHEMICAL   ANALYSES. 
CHEMICAL  ANALYSES  OF  PIG  IRONS. 
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DewriptiOD 

Total 
carbon. 

Man^- 
nese. 

Silicon. 

Sulphur. 

Phos- 
phorus. 

P.O.  No.  11,  car  9748 

.60 
.88 
.65 
.70 
.50 
.50 
.67 
.66 
.66 
.90 

3.370 

3.290 

3.200 

3.240 

2.32 

2.35 

2.04 

2.08 

.083 
.034 
.034 
.034 
.025 
.028 
.027 
.029 

.657 
.560 
.525 
.518 
.025 
.035 
.284 
.310 

p.  O.  No.  11,  carl3160 

P.O.  No.  11,  car  8873 

P.  0.  No.  11,  car  851 

Bessemer,  P.  0.  No.  210,  car  94833 

Bessemer  P.  0  No.  210,  car  22294 

Hinckle,  P.  O.  No.  315,  car  12448 

Hlnckle,  P.  0.  No.  315,  car  23309 

Hinckle 

4.245 
3.310 
3.750 

Mulrklrk 

Car  1442 

P.  0.  No.  463,  car  9084 

.38 
.38 
1.20 
.68 
.60 
1.10 
1.20 
1.50 
.56 
.90 
.55 
.62 
.68 
.68 
.68 
.67 
.38 
.44 
.66 
.66 
.68 
.58 
2.10 
1.25 
.84 
.90 
.88 
1.00 
1.000 
.900 
.960 
.960 
.960 
.980 
.980 
.54 
.65 
.56 

2.570 

2.420 

2.38 

1.97 

2.18 

2.49 

3.18 

2.11 

1.97 

2.020 

2.090 

1.50 

1.50 

1.50 

1.69 

1.65 

1.92 

2.32 

1.67 

1.72 

2.60 

2.060 

3.160 

2.450 

3.170 

3.000 

2.910 

3.070 

2.960 

2.930 

2.820 

3.170 

2.750 

2.870 

3.140 

1.75 

2.39 

2.05 

.015 
.017 
.048 
.015 
.034 
.020 
.085 
.032 
.029 
.054 
.037 
029 
.027 
.027 
.027 
.028 
.037 
.023 
.023 
.027 
.015 
.030 
.025 
.024 
.015 
.016 
.015 
.015 
.015 
.018 
.019 
.019 
.016 
.015 
.015 
.050 
.050 
.016 

.030 
.031 
.175 
.023 
.025 
.320 
.300 
.350 
.030 
.500 
.018 
.020 
.020 
.020 
.018 
.020 
.018 
.018 
.020 
.018 
.027 
.032 
.264 
.310 
.029 
.021 
.025 
.025 
.025 
.026 
.026 
.026 
.026 
.023 
.026 
.357 
.458 
.025 

P.  0.  No.  463,  car  45507 

Charcoal,  P.  0.  No.  925,  car  35650 

P.  0.  No.  687,  car  9011 

P.  0.  No.  887,  car  48534 

P.  O.  No.  964,  car  8783 

P.  O.  No.  925,  car  14732 

P.  O.  No.  984,  car  2199 

P.  0.  No.  687,  car  63562 

Rogers,  Brown  &  Co.,  car  20538 ' 

Powell  &  Colne,  car  80U18 

Car  95432 i 

Car  44199 

4.228 

Car  46287 

Car  61510 ' 

Car  90600                                                            > 

Car  38742 

Car  48218 

Car  91415 

Car  66310 

Car  49804 

Bessemer,  car  63552 ' 

P.  O.  No.  1082,  car  9505 

Car  40380 

P.  O.  No.  1309,  car  13966 

P.  O.  No.  1309,  car  56849 

P.  O.  No.  1309,  car  101905 

P.O.  No.  1369,  car  22492 

P.O.  No.  1369,  car  108080 

P.  O.  No.  1380,  car  48712 

P.  O.  No.  1389,  car  19174 

P.O.  No  13it9  <Tflr 22225 

P.  O.  No.  1309,  car  68746 

P.O.  No.  1389,  car  91149 

P.  O.  No.  1309,  car  26214 

P.  0.  No.  964,  car  6242 

P.  O.  No.  964,  car  5322 

P.  0.  No.  687,  car  4101 
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CHEMICAL   AKALYSE8. 


CHEMICAL  ANALYSES  OF  CAST-IRON  FROM  ARSENAL  FOUNDR  Y. 


Description. 

Carbon. 

Manga- 
nese. 

Silicon. 

Sul- 
phur. 

Phos- 
phorus. 

Total. 

Gra- 
phitic. 

Ck)m- 
blned. 

Marks  771-2 

3.064 
2.481 
a068 
3.000 
2.636 
2.966 
2.961 
2.931 
3.096 
3.001 
3.029 
2.917 
2.830 
2.931 
3.078 
2.852 
a  078 
2.727 
2.898 

2.217 
2.072 
2.099 
2.200 
2.072 
1.908 
2.391 
2.107 
2.214 
2.361 
2.301 
2.730 
2.381 
2.060 

a837 
.409 
.969 
.800 
.464 

1.058 
.671 
.824 
.881 
.640 
.728 
.184 
.449 
.851 

a60 
.62 
.62 
.65 
.65 
.53 
.62 
.45 
.36 
.62 
.66 
.62 
.60 
.61 
.60 
.60 
.60 

1.034 
.963 
1.161 
1.128 
.872 
1.034 
1.080 
1.075 
1.081 
1.151 
1.110 
1.034 
1.128 
1.060 
1.034 
1.048 
1.034 
.940 
.940 
1.50 
.940 
1.74 
1.410 
1.390 
1.410 
.940 
.890 
1.640 
1.880 
.940 

Marks  772-1 

Marks  776 

Marks  776-1  and  2 

Marks  770 

Marks  766-1  and  2 

Marks  762 

Marks  762-2 

Marks  361-2 

1 

Marks  469-2 

Marks  666-1 

1 

Marks  764 

1  . 

Marks  763-1 

1 

Marks  476 

Marks  844-2 

1 

Marks  844-1 

1 

Marks  844-2 

1 

Marks  863 

12-inch  base  ring 

.60 
.70 

:'i 

.68 
.68 
.43 
.64 
.69 
.39 
.41 



Marks  1051-1 

0.034 

a200 

Marks  1057-1 

12-lncli  base  ring,  168 1 

2.304 



.081 
.075 
.078 
.060 

.600 
.129 
.130 
.300 

Marks  1301-2 ! 

Wi^rVa  iaOQ-9                                                  1 

12-inch  base  ring,  176 

Marks  1163-1 

3.092 
2.896 
2.661 
3.180 
2.999 
2.713 
2.730 
2.863 

2.48i 
2.004 
1.840 
2.448 
2.279 
1.827 
2.017 
1.690 

.611 
.892 
.821 
.732 
.720 
.886 
.713 
1.173 

Marks  1163-2 

Marks  173 

1 

Marks  168 

1 

Wi^rlraUIU-l 

.096 
.078 
.138 

Marks  1164-2 

.330 

.720 

.700 

.33 

.33 

.446 
1.110 
1.120 
1.210 
1.451 

.228 

Marks  1168-1 

Marks  1 1 68-2 

124nch  racer.  No.  1 

124nch  racer.  No.  2 

1 

1 
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CHEMICAL  ANALYSES    OF  SPECIMENS    FROM  6-INCH  GUN  LEVER 

AXLE. 


[For  tensile  tests  see  foiig;ed  steel  from  arsenal  smith  shop.] 

Description. 

1 
Combined 
carbon. 

972  X 

.66 
.60 
.62 
.82 
.74 

972Y .             .                    ... 

972  Z 

Fractured  end 

Opposite  fractured  end 

CHEMICAL    ANALYSES    OF   BAYONET  STEEL    FROM   SPRINGFIELD 

ARMORY. 


Description. 


Helmuth 

Farist 

Ulingworth. 

MIdvale 

Carpenter... 

B..V. 

Q 

Baldwin 

Carpenter... 


Combined 
carbon. 

Manga- 
nese. 

Silicon. 

Sulphur. 

Phos- 
phorus. 

1.202 

.395 

.141 

.027 

.024 

1.350 

.542 

.085 

.031 

.018 

.975 

.387 

.138 

.032 

.019 

1.093 

.270 

.188 

.025 

.019 

1.030 

.198 

.127 

.032 

.014 

.932 

.430 

.005 

.038 

.018 

.995 

.200 

.105 

.015 

.012 

1.009 

.419 

.028 

.030 

.016 

.880 

.335 

.127 

.030 

.014 

CHEMICAL  ANALYSIS  OF  STEEL  FOR  EJECTORS  FROM  SPRINGFIELD 

ARMORY. 


Description. 

Combined 
carbon. 

Manga- 
nese. 

SUicon. 

Sulphur. 

Phos- 
phorus. 

Ejector  steel 

.671 

.335 

.188 

.018 

.016 

CHEMICAL    ANALYSIS    OF    SPECIAL    STEEL    FROM    SPRINGFIELD 

ARMORY. 


Description. 

Com- 
bined 
carbon. 

Manga- 
nese. 

Sill- 
con. 

Sul- 
phur. 

Phos- 
phorus. 

Nickel. 

Chro- 

Carpenter  sx)ecial 

.440 

.471 

.240 

.015 

.015 

1.378 

1.260 

CHEMICAL    ANALYSES    OF    SPECIAL    STEEL    OF    HIGH     TENSILE 

STRENGTH. 


Com- 
bined 
carbon. 

Manga- 
nese. 

Silicon. 

Chro- 
miiun. 

Nickel. 

.350 
.352 

.355 
.360 

.152 
.136 

1.300 
1.342 

1.100 
1.140 
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STEEL   FOR   0OMPABI8ON   OF   TESTING   MACHINES. 

TENSILE    TESTS    OF  STEEL    SPECIMENS     FOR     COMPARISON 
TESTING    MACHINE  AT  FRANKFORD  ARSENAL. 

Diameter  of  stems,  '^564;  sectional  area,  .25  square  inch. 
Gauged  length,  3". 


159 
OF 


Elastic 

limit  per 

square 

inch. 

Tensile 
strength 

Elonga- 
tion. 

Contrac- 
tion of 
area. 

Elongation  of 

Appearance  of  fracture. 

Pownds. 
46,200 
45,600 
40,200 
45,620 
48,200 

Pounds. 
00,200 
69,600 
67,800 
68,400 
68,400 

Per  cent 
31.3 
32.0 
32.0 
31.3 
31.0 

Per  cent 
61.6 
61.6 
61.6 
61.5 
61.5 

.19,.  54*,.  21 
.20,. 54*,. 22 
.20,. 54*,. 22 
.21, .53*,. 20 
.20,. 53*,. 20 

Fine  silky. 
Do. 
Do. 
Do. 
Do. 

TENSILE  TESTS  OF  SPECIMENS  OF  CRUCIBLE  BARREL  STEEL  FOR 
COMPARISON  OF  TESTING  MACHINE  AT  ROCK  ISLAND  ARSENAL. 


Marks 

Diam- 
eter. 

Sec- 
tional 
area. 

Elastic 
limit 
per 

square 
inch. 

TensUe 
strength 

per 
square 
inch. 

Elon- 
gation 

in6 
Inches. 

Con- 
trac- 
tion 
of 
area. 

Appearance 
of  fracture. 

CI 
C3 
C5 

C7 
C9 
Cll 

Inches. 
1.0092 
1.0092 
1.0092 
1.00U2 
1.0092 
1.0092 

8q.in. 
.80 
.80 
.80 
.80 
.80 
.80 

Lbs. 
69,940 
70,310 
70,310 
70,310 
70,660 
70,820 

Lbs. 
120,230 
120,200 
119,840 
120,490 
120,870 
120,490 

P.ct. 
16.3 
17.7 
16.7 
17.7 
18.2 
1&2 

P.ct. 
44.8 
44.8 
44.8 
44.8 
44.8 
44.8 

.09,.  13,. 43*,.  16,  .10,  .08 
.10,. 20,. 42*,.  13.  .11,  .10 
.08,.  10,.  12,  .32*,. 28*,.  10 
.09,. 12,. 26,  .36»,.14,  .10 
.09,.  14,.  15,  .40*,. 20,  .11 
.10,.12,.32*,.31*,.14,  .10 

Fine  silky. 
Do. 
Do. 
Do. 
Do. 
Do. 

TENSILE  TESTS  OF  SPECIMENS  FOR  COMPARISON  OF  TESTING 
MACHINE  AT  WORKS  OF  THE-  DRIGGS-SEABURY  ORDNANCE 
CORPORATION,  AKRON,  OHIO. 


Marks. 

Kind  of 
metal. 

Diam- 
eter. 

Sec- 
tional 
area. 

Elastic 
limit 
per 

square 
inch. 

TensQe 
strength 

per 
square 
inch. 

Elon- 
gation 

in  2 
inches. 

Con- 
trac- 
tion 
of 
area. 

Elonga- 
tion of 

inch 
sections. 

Appearance  of 
fractore. 

DS3 

DSIO 
DSll 

Steel 

Bronze . . . 
Cast  iron . 

Inch. 
.500 

.797 
1.129 

aq.in. 
.196 

.GOO 
1.000 

Lbs. 
42,350 

al6,400 

Lbs. 
48,470 

25,200 
19,600 

P.ct. 
39.5 

10.0 

P.ct. 
73.0 

6.8 

»         m 

.5»>,.24 
.07,  .13* 

Fine     silky;   cup- 
shaped. 
Light  purple  color. 
Oranular;  gray. 

a  Approximate. 
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STEELS,  MISCELLANEOUS. 


H.  Doc.  26,  59-2 11  161 
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steels,  misoellaneous. 
Sheet  Steel. 


Specimens  furnished  by  the  Hon.  N.  B.  Scott,  Committee  on  Public 
Buildings  and  Grounds,  United  States  Senate. 


TENSILE  TESTS. 


Mark  on 
on  speci- 
men. 

inches. 

Sec- 
tional 
area. 

Elastic  limit. 

Tensile 
strength. 

Elonga- 
tion In  .5 
inch. 

Area  at  fracture. 

Con- 
trac- 
tion of 
area. 

Width. 

Thick- 
ness. 

Total. 

Per 
square 
inch. 

Total. 

Per 
square 
inch. 

Endlo 
£nd2a 

.247 
.249 

.017 
.016 

Sq.in. 
.0042 
.0040 

Lbs. 
255 
230 

Lbs. 
60,710 
57,500 

Lbs. 
280 
295 

Lbs. 
66,670 
73,750 

In.  Pr.ct. 
.03  .    6.0 
.05     10.0 

In.      In.  Sq.in. 
.240X.0165-.0037 
.240X.015  -.0036 

Perd. 

11.9 

10.0 

o  Appearance  of  fracture,  granular. 
BENDING  TEST. 

Specimens  bent  as  prescribed  in  section  15,  page  23,  of  Form  No. 
434,  for  flange  steel,  without  fracture. 

TENSILE  TESTS  OF  FLANGE  STEEL  PLATES. 

FROM  THE  PARK  WORKS  OF  THE  CRUCIBLE  STEEL  COMPANY,  PITTSBURG,  PA. 


Marks. 

Dimensions. 

Sec- 
tional 
area. 

Elastic 

limit  per 

square 

inch. 

Tensile 
strength 

per 
square 
inch. 

Elonga- 
tionin 
2  inches. 

Contrac- 
tion of 
area. 

Elongation 
ofbich 
sections. 

Appearance 
of  fracture. 

Width. 

Thick- 
ness. 

1.... 
2.... 
1..-. 
2.... 
3.... 
4.... 
6.... 
6.... 
7.... 
8.... 

Inches. 

.998 
1.003 

.995 
1.000 

.996 
1.006 
1.005 

.995 
1.001 
1.000 

Inches. 
.127 
.136 
.137 
.137 
.136 
.137 
.136 
.137 
.138 
.136 

Sq.  ins. 
.127 
.136 
.136 
.137 
.135 
.138 
.137 

.   .136 
.138 
.136 

Pounds. 
65.350 
56,470 
58,100 
55,500 
27,400 
53,600 
24,100 
52,900 
54,300 
62,500 

Pounds. 
75,590 
71,250 
72,060 
70,070 
50,810 
66,300 
48,540 
64,710 
67,030 
72,060 

Peret. 
26.0 
29.0 
24.5 
25.0 
38.5 
28.5 
45.0 
26.5 
25.5 
20.5 

Peret. 
45.7 
49.3 
46.3 
53.3 
62.2 
47.1 
69.3 
51.5 
62.9 
44.1 

0        r 

.14,  .38* 
.20,.  .38* 
.37*,.  12 
.11,  .39* 
.24,   .53* 
.21,   .36* 
.31,   .50* 
.39*,.  14 
.22*,. 29* 
.33*,. 08 

Fine  silky. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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TENSILE  TEST  OF  SPECIMEN  FROM  GUN  LEVER  AXLE. 

Specimen  was  taken  out  of  the  keyway  of  a  journal  which  showed 
different  colored  metal  in  its  length. 

Diameter  of  stem  of  specimen inch. '.     .  480 

Sectional  area  of  stem .* square  inch..       .18 

Elastic  limit,  total pounds..    6,200 

Elastic  limit  per  square  inch do —  34,440 

Tensil  e  strength ,  total do 14, 020 

Tensile  strength  per  square  inch do 81,220 

Elongation  in  4', '.31 percent..       7.8 

Diameter  at  fracture Inch..       .42 

Area square  inch..      .1386 

Contraction  of  area percent..      23.1 

Elongation  of  inch  sections •.03,'.05,M7*,'.06 

Appearance  of  fracture medium  granular 

The  junction  of  the  light  and  dark  colored  metal  of  this  specimen 
was  located  at  the  middle  of  its  length.  Fracture  occurred  about 
"A  away  from  this  junction  in  the  light  colored  metal. 

A.  P.  Detonating  Fuse. 
Tensile  test  of  specimen  taken  from  a  rough-turned  steel  forging. 


Diam- 
eter. 

Sec- 
tional 
area. 

Elastic 
limit 
per 

square 
inch. 

TensUe 
strength 

per 
square 
inch. 

Elon- 
gation 

in  5 
inches. 

Con- 
trac- 
tion of 
area. 

Elongation  of  inch 
sections. 

ture. 

Inch. 
.798 

8q.  in. 
.60 

Pounds. 
44,600 

Pounds. 
114,200 

Perct. 
8.6 

Perct. 
11.6 

.13*,.  10,. 09,  .06,  .06 

Granular. 
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TENSION  TEST  OF  SPECIMEN  FROM  END  OF  AN  AMMUNITION  HOIST 
SHAFT  RECEIVED  FROM  U.  S.  ENGINEER'S  OFFICE,  BOSTON. 


Sec- 
tional 
area. 

Sq.  in. 
.20 

Elastic  limit. 

Tensile 
strength. 

uittm- 
eter. 

Total. 

Per 
square 
inch. 

Total. 

Per 
square 
Inch. 

In. 
.205 

Lbs. 
11,800 

Lbs. 
50,000 

Lbs. 
13,600 

Lbs. 
68,000 

Elongation. 


In. 
.34 


P.ct. 
34.0 


I 


Diame- 
ter at 
frac- 
ture. 


In. 
.32 


ri«„      Elon- 
J^^-Jgation 


tion  of 
area. 


P.ct. 
50.8 


of  Inch 
sec- 
tions. 


.34 


Appearance 
of  fracture. 


Fine  silky. 
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170  STEEL    WIBE    AND    HOOKS. 

TENSILE  TESTS  OF  STEEL  WIRE  FOR  SAFETY  LANYARD  HOOKS, 

Diameter  of  wire,  ".125. 
Sectional  area,  .0123  square  inch. 


Marks. 

Description. 

Tensile  strength. 

Appearance 
of  fracture. 

Total. 

Per 
square 
inch. 

1 
1 
2 
2 
3 
3 

Cold  rolled 

Pounda. 
1,360 

810 
1,320 

780 
1,360 

820 

Pounds. 
110,570 

65,850 
107,320 

63,410 
110,670 

66,667 

Fine  silky. 
Do. 
Do. 
Do. 
Do. 
Do. 

Cold  rolled,  annealed 

Cold  rolled 

Cold  rolled,  annealed 

Cold  rolled 

Cold  rolled,  annealed 

TENSILE  TESTS  OF  THE  HOOKS. 
Made  from  ^^.125  diameter  cold-rolled  wire,  annealed. 


Hook 
No. 

TensUe 
strength. 

Manner  of  failure. 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 

Pnun.U. 
142 
152 
148 
150 
138 
164 
140 
146 
164 
171 
178 
164 

Straightened  hook. 
Straightened  eye. 
Straightened  hook. 

Do. 

Do. 
Straightened  hook  and  eye. 
Straightened  hook. 

Do. 
Straightened  hook  and  eye. 

Do. 
Straightened  hook. 

Do. 
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BUOY    SHACKLE.  l7l 

TENSILE  TEST  OF  A  FIRST-CLASS  BUOY  SHACKLE  FOR  THE  UNITED 
STATES  LIGHT-HOUSE  ESTABLISHMENT,  TOMPKINSVILLE,  N  Y. 

Diameter  of  iron  of  shackle,  2". 
Tensile  strength.  230,100  pounds. 
Fractured  pin  or  shackle. 
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TENSILE   TESTS  OF  CORDAGE  FOR    THE    UNITED   STATES   LIGHT- 
HOUSE ESTABLISHMENT,  THIRD  DISTRICT,  TOMPKINSVILLE,  N.  Y. 

Samples  prepared  with  eye-splices  at  the  ends. 
Length  between  splices,  5  to  6  feet. 

Hemp  Rope. 


Circumference. 

Actual 
diame- 
ter. 

Num- 
ber of 
strands. 

Yarns 

per 
strand. 

Lay 

1  turn 

in. 

Tensile 
strength. 

Parted. 

Nominal. 

Actual. 

Inches. 
24 

Inches. 
3.00 

Inches. 
.96 

3 
4 
4 

15 
19 
26 

Inches. 
2.80 
2.70 
3.16 

Pounds. 
3,800 
5,140 
6,100 

1  strand  at  the  splice. 

1  strand  3*  from  the  splice. 

1  strand  at  the  splice. 

3? 

a  20    '    1.02 
a  87         1.26 

3^ 

Manila  Rope. 
Splices  immersed  in  water  before  testing. 


Circumferonco. 

Actual 
diame- 
ter. 

Num- 
ber of 
strands. 

Yarns 

per 
strand. 

Lay 

Iturn 

in. 

Tensile 
strength. 

Parted. 

Nominal. 

Actual. 

Inches. 
6  threads. . 
9  threads.. 
9  threads.. 
15  threads . 
15  threads . 
21  threads  . 
1 

Inches. 
.99 
1.22 
1.30 
1.66 
1.64 
1.80 
1.10 
1.64 
2.53 
2.85 
a  52 
4.30 
4.60 
5.02 
5.32 
6.02 
7.10 
8.02 

Inches. 
.29 
.37 
.42 
.49 
.52 
.57 
.34 
.56 
.84 
.92 
UIO 
1.38 
1.62 
1.66 
1.80 
2.00 
2.33 
2.63 

3 
3 
3 
3 

2 

3 

3 

5 

5 

7 

3 

6 

8 

11 

16 

23 

30 

35 

40 

50 

62 

90 

Inches 
.90 
L02 
1.25 
1.42 
1.60 
1.90 
1.02 
2.04 
2.72 
3.16 
3.54 
4.18 
4.24 
4.40 
4.70 
5.40 
5.80 
6.60 

Pounds. 

620 

1,250 

1,260 

1,860 

1,620 

2,640 

820 

2,550 

4,800 

5,790 

8,050 

11,800 

14,700 

17,050 

18,100 

18,750 

25,300 

29,400 

1  strand  18*  from  the  splice. 
1  strand  20*  from  the  splice. 
1  strand  14*  from  the  splice. 
1  strand  4*  from  the  splice. 
1  strand  24*  from  the  splice. 
1  strand  12*  from  the  splice. 
1  strand  15*  from  the  splice. 

1  strand  10*  from  the  splice. 

2  strands  26*  from  the  splice. 
1  strand  3*  from  the  splice. 

1  strand  at  the  splice. 

Do. 

Do. 

Do. 

Do. 
1  strand  3*  from  the  splice. 
1  strand  at  the  splice. 

Do. 

u 

2!::...:.... 

24 

I:::::::.... 

34 

J:;   ::::: 

44 

5:.:...:.... 

54 

6  :::::.. 

7 

The  4-strand  specimens  each  have  a  core. 
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Manila  Rope. 
Samples  prepared  for  testing  with  eye-splices  at  the  ends. 


Circumference. 

Numher 

of 
strands. 

Yams 

per 
strand. 

Tensile 
strength. 

Farted. 

NomlnaL 

Actual. 

Inches. 
18  thread.... 
4 

Inches. 
.68 
4.45 
5.25 
5.50 
6.60 
7.25 
8.60 

3 

6 
28 
35 
42 
53 
62 
80 

Pounds. 
1,910 
12,420 
18,950 
22,600 
23,500 
30,800 
39,300 

I  strand  at  the  spUoe. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

4) 

5:::::::::  :  : 

5i 

S::::::  ::  : 

7o 

aCoUNo.1. 

Hemp  Rope. 


3i 


2.72 

4 

12 

4,060 

&33 

4 

17 

5,960 

&93 

4 

23 

7,850 

1  strand  5"  from  splice. 
1  strand  at  the  splice. 
Do. 


Manila  Rope.    Coil  No.  1. 


4. 


4.55 

4 

29 

14.900 

6.12 

4 

50 

23,400 

7.85 

4 

86 

38,500 

1  strand  at  the  splice. 

2  strands  in  the  splice. 
1  strand  in  the  splice. 


Manila  Rope. 


4 

4.37 
5.95 
7.10 
7.70 

4 
4 
4 
4 

30 
51 
68 
88 

11,500 
17,100 
29,400 
29,100 

1  strand  at  the  splice. 

Da 
Do. 

5k 

e::::::::::::: 

7 

TENSILE  TESTS  OF  BRAIDED  LANYARD. 


Diameter  of  samples,  ".18. 

Ends  secured  around  grooved  pins. 


Sample 
No. 

Tensile 
strength. 

Parted. 

1 
2 
3 

231 
250 
240 

6*  from  pin. 
15"  from  pin. 
2"  from  pin. 

Digitized  by  VjOOQ IC 


CORDAGE.  177 

TENSILE  TEST  OF  SOLID  BRAIDED  LINEN  LINE  FROM  SILVER  LAKE 

COMPANY, 

Marks,  "No.  5  linen.'' 

Diameter,  ''.IS. 

Tensile  strength,  210  pounds. 

TENSILE  TESTS  OF  PLOW  STEEL  DURABLE  ROPE, 

First  Specimen. 

Diameter,  ".80. 

Rope  composed  of  five  strands  of  steel  wire  with  hemp  covering 
and  core.  The  strands  measured  ''.SO  diameter  over  the  hemp  serv- 
ing. The  wire  strand,  uncovered,  measured  ".17  diameter.  It  was 
composed  of  19  wires  ranging  in  diameter  from  ".029  to  ".036  each. 

Tensile  strength,  14,100  pounds. 

Parted  three  strands  at  end  of  splice. 

Second  Specimen. 

Diameter,  1".13. 

Rope  coinposed  of  five  strands  of  steel  wire  with  hemp  covering 
and  core.  Ine  strands  measured  ".43  diameter  over  the  hemp  serv- 
ing. The  wire  strand,  uncovered,  measured  ".25  diameter.  It  was 
composed  of  19  wires  ranging  in  diameter  from  ".052  to  ".059  each. 

Tensile  strength,  31,800  pounds. 

Parted  three  strands  at  end  of  splice. 

TENSILE  TESTS  OF  ROPES  WITH  ONE  END  OF  EACH  SECURED  BY 

CLAMPS, 

Two  clamps  to  each  rope. 

First  Specimen. 

Diameter,  ".80. 

First  test.  Maximum  resistance,  9,400  pounds.  Rope  drew 
through  clamps. 

Second  test.  Maximum  resistance,  4,200  pounds.  Rope  drew 
through  clamps. 

Second  Specimen. 

Diameter,  r.l3. 

First  test.    Maximum  resistance,  12,600  pounds. 

Second  test.  Maximum  resistance,  13,900  pounds.  After  attain- 
ing the  maximum  resistance  and  commencing  to  pull  the  rope 
through  the  clamps,  there  was  an  immediate  drop  in  the  holding 
power  of  the  clamps.  After  this  the  rope  continued  to  draw  through 
the  clamps  with  a  pull  of  about  4,000  pounds.  The  hemp  service 
yielded  under  the  clamps  and  was  stripped  from  the  wires  of  the 
strands. 

H.  Doc.  26,  69-2 12 


Digitized  by  VjOOQ IC 


178  CORDAGE. 

TENSILE  TESTS  OF  2^INCH  STEEL  WIRE  ROPE. 

Specimens  received  from  the  U.  S.  Naval  Constructor,  New  York 
Navy- Yard. 

FiBST  Specimen. 

The  ends  of  the  sample  of  rope  were  secured  by  means  of  conical 
pins  in  steel  sockets. 

On  the  first  trial  of  this  rope  one  end  drew  from  the  socket  under  a 
load  of  132,000  pounds  tension.  Two  wires  were  broken,  but  no 
real  injury  done  tne  rope. 

The  end  which  drew  out  was  remade  in  its  socket  and  the  rope 
subjected  to  a  second  load  of  tension.  On  this  occasion  the  opposite 
end  drew  out  of  its  socket  under  a  load  of  tension  of  300,000  pounds. 

Refastening  this  end,  the  rope  was  again  subjected  to  a  load  of 
tension.  At  321,000  pounds  the  rope  in  part  drew  out  of  one  socket 
and  in  part  fracturea  the  wires  of  whicli  it  was  composed.  Fiftv 
wires  were  broken.  The  fractures  were  silky  and  the  metal  well 
drawn  down  at  the  place  of  rupture. 

Test  discontinued. 

The  strength  of  a  rope  is  gauged  by  the  method  of  fastening,  and 
while  only  a  part  of  the  total  number  of  wires  of  this  rope  were  frac- 
tured, it  is  believed  that  substantially  the  available  strength  of  the 
sample  was  shown  in  the  third  test.  Wire  ropes  in  general  fracture 
in  detail  at  the  fastening,  and  such  tendency  is  not  lessened  as  the 
size  increases. 

Second  Specimen. 

Ends  of  rope  secured  in  conical  sockets  by  means  of  tapering  pins. 

Ultimate  resistance,  330,000  pounds. 

One  strand  parted  9  to  12  incnes  from  face  of  south  socket;  another 
strand  parted  9  inches  from  the  face  of  the  north  socket;  the  other 
strands  pulled  out  of  the  north  socket,  each  rupturing  a  few  wires  in 
the  nortn  socket. 

Third  Specimen. 

Ends  of  rope  secured  in  conical  sockets  by  means  of  tapering  pins. 

Ultimate  resistance,  311,100  pounds. 

The  wires  of  the  rope  fractured  at  a  distance  of  6  to  12  inches  from 
the  face  of  one  of  the  sockets.  There  were  36  wires  unbroken,  which 
drew  out  of  the  socket. 
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COMPRESSION  TESTS  OF  ONE  COUNTER  RECOIL  SPRING  (INNER 
AND  OUTER)  FOR  DRIGGS-SEABURY  15-PO  UNDER  MASKING 
MOUNT, 

Specifications  require  inner  spring  to  be  compressed  to  height  of 
8".5,  outer  to  9".50  for  sixty  hours,  and  after  this  to  sustain  at  least 
1,000  pounds  when  compressed  to  14  and  15  inches,  respectively. 

Spnng  was  assemblea  and  loaded  as  above,  after  which  it  exerted 
a  sustaining  power  of  1,245  pounds  at  14  and  15  inches  height, 
respectively. 

CoMPBEssioN   Tests   of   Three   Sets   of   Recoil   Spbinos   for 

15-PoUNDEB  CaBRIAGES. 

DIMENSIONS. 


nescription. 


Outer  spring  No.  1 
Inner  spring  No.  1. 

Outer  spring  No.  2 
Inner  spring  No.  2. 

Outer  spring  No.  3 
Inner  spring  No.  3. 


Free 
height. 

Exterior 
diameter. 

Diameter 
of  wire. 

Distance 

between 

coils. 

Inches. 
19.30 
16.40 

19.27 
19.02 

20.00 
18.77 

Inches. 
3.80 
2.37 

3.85 
2.80 

3.85 
2.80 

Inch. 

0.56 

.37 

.50 
.37 

.49 
.37 

Inch. 

O.GO 

.35 

.60 
.48 

.60 
.48 

TESTS  OF  SPRINGS. 

Set  No.  1. 
Outer  spring: 

Free  height inches . . 

Load  at  15*,  going  down : pounds. . 

Load  at  10* do.... 

Load  at  15',  coming  baclc do 

Final  free  height inches. . 

Inner  spring: 

Free  height do 

Load  at  14*,  going  down , pounds. . 

Load  at  9* do ... . 

Load  at  14',  coming  back do 

Final  free  height inches. . 

Set  No.  2. 
Outer  spring: 

Free  height inches. . 

Load  at  16*,  going  down pounds. . 

Load  at  10' do.... 

Load  at  15*,  coming  back do 

Final  free  height inches. . 

Inner  spring: 

Free  height do. . . . 

Load  at  14',  going  down pounds. . 

Load  at  9* do ... , 

Load  at  14',  coming  back do. . . , 

Final  free  height inches. . 

Set  No.  3. 
Oater  spring: 

Free  height inches., 

Load  at  15',  going  down pounds. . 

Load  at  10' do... 

Load  at  15',  coming  back do ... , 

Final  free  height Inches. , 

Inner  spring: 

Freeheght do... 

Load  at  14',  going  down pounds. 

Load  at  9* do. . . , 

Load  at  14*.  coming  back do. . . 

Final  free  height inches. 


19.30 
1,079 
2,350 
887 
19.20 

16.40 
398 

1,225 
348 

16.36 


19.27 
538 

1,180 
492 

19.23 

19.02 
468 

1,022 
437 

19.00 


20.00 
636 

1,296 
572 

19.97 

18.87 
417 
981 
412 

18.75 
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HELICAL   SPRINGS. 


COMPRESSION  TESTS  OF  THREE  SETS  OF  HELICAL  SPRINGS  FOR 
15-POUNDER  DRIGGS-SEABURY  MOUNTS. 

DIMENSIONS. 


Description. 


Outer  spring  Ko.  1 . . 
Inner  spring  No.  1 . . 

Outer  spring  No.  2. . 
Inner  spring  No.  2. . 

Outer  spring  No.  3. . 
Inner  spring  No.  3.. 


Free 
height. 


Inches. 
20.00 
16.80 

20.30 
16.85 

20.00 
16.96 


Exterior  |  Diameter 
diamotcr.    of  wire. 


Inches. 
3.81 
2.35 

3.80 
2.34 

3.81 
2.34 


Inch. 
.56 
.37 


.56 
.37 


.56 
.37 


Distance 

lietween 

coils. 


Inch. 
.60 
.35 

.60 
.35 

.60 
.35 


Weight. 


Lbs.  Ozs. 

12  8 

4  6.5 

12  5.5 

4  6.75 

12  5.5 

4  7.25 


TESTS  OF  SPRINGS. 

Set  No.  1. 

Outer  spring: 

Load  at  nelght  of  15",  going  down pounds. .  1,249 

Solid  height inches. .  9. 92 

Load  at  nelght  of  15",  coming  back pounds. .  1,051 

Inner  spring: 

liOad  at  height  of  14",  going  down do 47;^ 

Solid  height inches..  8.69 

Load  at  height  of  14",  coming  baclc pounds. .  454 


Set  No.  2. 

Outer  sprmg: 

Load  at  neight  of  15",  going  down pounds. .  1.245 

Solid  height inches..  9.88 

Load  at  nelght  of  15",  coming  baclc pounds. .  938 

Inner  spring: 

Load  at  height  of  14",  going  down do 442 

Solid  height inches . .  8. 78 

Load  at  neight  of  14",  coming  baclc pounds. .  439 


Set  No.  3. 

Outer  spring: 

I^oad  at  ueight  of  15",  going  down pounds. .  1 ,  204 

SoUd  height inches..  9.83 

Load  at  height  of  15",  coming  back pounds. .  955 

Inner  spring: 

Load  at  height  of  14",  going  down do 498 

Solid  height , Inches..  8.78 

Load  at  nelght  of  14",  coming  back pounds. .  445 
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COMPRESSION  TESTS  OF  HELICAL  COUNTER  RECOIL  SPRINGS  FOR 
7-INCH  MORTAR  CARRIAGES,  MODEL  1895. 

DIMENSIONS. 


Free  height Inches 

Exterior  diameter do. . . 

Diameter  of  wire Inch 

Distance  between  coils do. . . 

Weight pounds 


Number  of  spring. 


19.12 

5.00 

.68 

.78 

18.97 


19.00 
6.00 


.78 
19.06 


18.85 

5.01 

.68 

.78 

18.97 


TESTS  OF  SPRINGS. 


Numl:)er  of  spring. 

1. 

2. 

3. 

Height  under  1,000  pounds  load,  going  down Inches. . 

Solid  height do . . . 

Height  under  1,000  pounds  load,  coming  back do. . . 

15.80 
9. 4G 
15. 70 

15.94 
9.40 
15:63 

15.65 
9.27 
15.48 

COMPRESSION   TESTS    OF  HELICAL  BUFFER  SPRINGS  FOR  10-INCH 
DISAPPEARING  CARRIAGES,  L.  F.  MODEL  1901.. 

DIMENSIONS. 

Free  height inches. .  6. 30 

Exterior  diameter '. do. . .  2. 75 

Diameter  of  wire inch. .    .  60 

Distance  l)etween  coils do. . .    .30 

Weight pounds. .  3. 25 

TESTS  OF  SPRINGS. 


Free 

Load  at 

Load  at 

Load  at 

Final 

free 

height 

height. 

5". 5. 

4".6. 

5'.5. 

Inches. 

Pounds. 

Pounds. 

Pounds. 

Inches. 

6.30 

892 

1,927 

678 

6.10 

6.33 

902 

1,958 

744 

6.23 

6.3.5 

1,014 

2.142 

SiJG 

6.28 

6.34 

994 

2.050 

762 

6.20 

6. 34 

994 

2, 106 

805 

6.25 

6.32 

907 

1.80<) 

714 

6.24 

COMPRESSION   TEST  OF  RECOIL  SPRING    FOF  0- POUNDER  DRIGGS- 

SEABURY  MOUNT. 


DIMENSIONS. 

Free  heigh t Inches . . 

Exterior  diameter do. . . 

Diameter  of  wire inch. . 

Distance  between  coils do. . . 

Weight pounds. . 

TEST  OF  SPRING. 

Free  height inches. . 

Load  at lieight  of  12* pounds. . 

Height  when  solid inches. . 

Load  at  solid  heicht pounds. . 

Load  at  height  of  12^' do.... 

Final  free  height inches. . 


13.47 

2.60 

.44 

.32 

4.97 


13.47 
392 
7.93 

1,7.')0 
322 

13.33 
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TESTS  ON  THE  FRICTIONAL  RESISTANCE  OF  6-INCn  PROJECTILES 
IN  RIFLED  TUBE  SECTIONS,  AND  TENSILE,  SHEARING,  AND  HARD- 
NESS TESTS  OF  THE  BAND  METAL. 

Description  of  the  Tests. 

PreliminaiT  tests  were  made  on  samples  of  bronze  cast  at  the 
Watertown  Arsenal,  representing  material  which  might  be  used  for 
bearings.  Dry  sand,  green  sand,  and  chilled  castings  were  represented 
in  the  state  after  casting,  and  also  annealed  and  hammerea.  These 
bronzes  did  not  give  promise  of  being  suitable  for  use  in  bands,  and 
their  examination  was  therefore  discontinued  at  the  end  of  the  tensile 
tests. 

The  several  grades  of  metal  used  as  bands  were  as  follows: 

Copper-zinc  alloy  of  copper  82,  zinc  18. 

Copper-nickel  alloy  of  copper  90,  nickel  10. 

Copper-nickel  alloy  of  copper  92.5,  nickel  7.5. 

Copper-nickel  alloy  of  copper  95,  nickel  5. 

Copper-nickel  alloy  of  copper  97.5,  nickel  2.5. 

Regular  copper  band  metal. 

Tensile,  shearing,  and  hardness  tests  were  made  on  each  of  these 
several  alloys.  This  metal  was  obtained  from  the  Scovill  Manufac- 
turing Company,  Waterbury,  Conn.,  excepting  the  regular  copper 
band  metal.  The  rolled  strips,  J  inch  thick  by  IJ  inches  wide,  fur- 
nished by  the  Scovill  Company,  were  in  two  grades,  soft  and  hard. 

Four  short,  rifled  sections  representing  the  rifled  bores  of  6-inch 

fins,  each  about  12  inches  long,  were  received  from  Watervliet 
rsenal,  within  which  the  frictional  tests  were  made.  At  the  entering 
end  the  lands  were  turned  off  taperingly  over  a  lengjth  of  about  ".95. 

The  projectiles  were  furnished  with  bands  of  standard  section  for 
6-inch  guns.  The  several  bands  were  forced  through  the  tube  sections 
in  the  order  in  which  they  are  entered  in  the  details  of  the  tests.  No 
lubricant  was  used.  The  total  time  occupied  in  the  ifrictional  resist- 
ance tests  is  given.  In  the  early  stages  of  each  experiment  the  move- 
ment of  the  projectile  was  very  slow,  to  permit  observing  the  changes 
in  resistance  which  accompanied  the  taking  of  the  form  of  the  riflmg 
by  the  band.  After  this  had  been  accompfished  the  speed  during  the 
remainder  of  the  test  was  more  rapid.  About  one-half  of  the  total 
time  was  occupied  in  observing  the  early  changes  in  resistance. 

One  grade  of  metal  was  used  in  each  of  the  tube  sections  until  each 
of  the  tour  sections  had  been  used.  There  was  a  return  then  to  the 
first  section,  and  the  remaining  tests  of  the  series  were  made  on  this 
one. 

In  the  tensile,  shearing,  and  hardness  tests,  the  several  grades  used 
in  the  bands  were  each  tested  in  the  state  received  and  after  having 
been  hammered  cold. 

DISCUSSION    OF   THE   RESULTS. 

The  tests  of  bronzes  cast  at  Watertown  Arsenal  showed  the  effect 
of  the  chill  in  raising  the  tensile  strength.  The  difference  between 
dry  sand  and  green  sand  castings  was  not  marked.     Annealing  did  not 
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cause  a  marked  eflfect.  Hammering  cold  raised  the  tensile  strength 
of  each  grade  of  metal,  and  each  treatment.  Hot  hanMnering  raised 
the  strength  of  the  dry  and  green  sand  castings  in  a  marked  degree, 
but  did  not  have  so  much  effect  on  the  chilled  castings. 

Referring  to  the  tests  of  the  strips  purchased  of  the  Scovill  Com- 
pany, the  tensile  strength  of  the  soft  metal  is  exceeded  by  the  hard 
graae,  the  difference  amounting  to  from  12,000  to  17,000  pounds  per 
square  inch.  While  the  contraction  of  area  is  large  in  eacn  case,  the 
elongation  of  the  hard  metal  is  less  than  that  of  the  soft.  The  ham- 
mered strips  showed  higher  tensile  strength  than  the  unhammered 
ones,  both  m  the  hard  and  the  soft  metal.  A  certain  part  of  the  stretch 
of  the  metal  is  developed  by  the  hammering,  and  that  portion  neces- 
sarily disappears  from  the  tensile  test. 

In  the  results  of  the  shearing  tests,  corresponding  diflferences  do  not 
appear.  The  several  tests  are  nearly  the  same  for  metal  of  the  same 
composition,  irrespective  of  treatment. 

From  the  results  of  the  shearing  tests  it  would  be  inferred  that  the 
manner  in  which  the  metal  was  treated  would  not  have  a  pronounced 
effect  on  the  resistance  of  the  band  in  taking  the  rifling.  The  brass 
band  gave  the  highest  tensile  strength  and  also  the  hignest  shearing 
resistance,  the  nickel  alloys  giving  results  which,  in  the  main,  appear 
successively  lower  as  the  per  cent  of  nickel  grows  less,  while  the  copper 
band  gave  the  lowest  results  of  all.  The  hardness  determinations 
follow  m  the  same  order. 

The  frictional  resistance  tests  began  with  band  metal  of  copper 
92.5,  nickel  7.5,  using  the  soft  grade  in  the  first  instance.  The  early 
behavior  showed  the  successive  stages  of  resistance  reaching  a  first 
maximum,  then  falling,  reaching  a  second  maximum,  again  rising  to  a 
third  maximum,  the  nighest  resistance  encountered,  and  thereafter 
slowly  falling,  and  during  the  remainder  of  the  test  continuing  with 
great  fluctuations  in  resistance. 

The  successive  maxima  represent  the  times  when  the  several  ridges 
of  metal  of  the  band  reached  the  rifled  section  of  the  tube.  After 
shearing  one  of  these  zones  the  resistance  fell  until  the  next  one 
reached  the  critical  part  of  the  rifling,  and  so  on  until  the  band  was 
fully  engaged  in  the  rifling.  In  each  instance  some  of  the  metal  of  the 
band  was  detached  and  remained  behind  the  proiectile  near  the 
entrance  end,  or  was  sheared  off  and  did  not  enter  tlie  tube  section. 
There  were  cases  in  which  an  entire  ring  of  band  metal  was  sheared  off 
and  remained  outside  of  the  tube.  The  percentage  of  band  metal 
which  went  through  the  tube  section  varied,  inasmuch  as  the  weight 
of  the  detached  portions  was  not  the  same  in  each  case. 

Two  projectiles  were  forced  through  each  tube  section,  one  with 
the  soft  grade  and  one  with  the  hard  grade  of  metal  in  the  bands, 
until  the  several  sections  were  exhausted.  Generallv  the  second 
projectile  encountered  more  resistance  in  the  bore  than  the  first. 
The  surface  of  the  rifling  was  slightly  roughened  as  successive  pro- 
jectiles passed  through. 

The  supply  of  unused  tube  sections  having  become  exhausted, 
there  was  a  return  to  section  No.  1.     Projectiles  with  hard  and  soft 

?rades  of  metal  containing  copper  97.5,  nickel  2.5,  were  now  used, 
he  results  showed  higher  resistance  along  the  bore  than  had  been 
found  in  the  earlier  tests. 
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A  projectile  with  a  band  of  regular  copper  metal  was  the  fifth  to 
be  forced  through  this  section.  Its  resistance  was  less  than  the 
Cu  97.5,  Ni  2.5  bands,  but  more  than  the  bands  of  Cu  92.5,  Ni  7.5, 
the  latter  two  being  the  first  to  be  forced  through  this  section.  An 
additional  test  was  made  using  a  band  having  copper  92.5,  nickel  7.5, 
to  compare  the  resistance  now  fimiished  by  the  tube  with  the  first 
test  that  was  made  on  the  same  metal.  The  highest  resistance  of  the 
series  was  displayed  by  this  projectile.  From  this  it  will  be  seen  that 
the  highest  and  the  lowest  resistances  were  displayed  by  band  metal 
of  the  same  composition  and  of  the  same  grade. 

Observations  on  the  expansion  of  the  exterior  diameter  of  tube 
section  No.  1  showed  a  movement  of  ".0037  at  a  distance  of  2" A  from 
the  entering  end,  this  being  over  the  band  at  its  place  of  maximimi 
resistance  in  the  bore. 

Supplementary  tests  were  made  in  tube  section  No.  2,  in  order  to 
furnish  further  data  upon  the  increased  frictional  resistance  as  suc- 
cessive proiectiles  are  used.  The  results  in  section  No.  2  confirmed 
those  wmch  had  been  obtained  with  section  No.  1, 
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FRICTIONAL  RESISTANCE  OF  BANDED  PROJECTILES  IN  THE  BORE 
OF  SECTIONS  OF  6-INCH  RIFLED  TUBES. 


25 


Bandad  projeotlla. 


•U" 


Section  of  O-tnoh 


tubo,  rifled. 


Lands  of  the  tube  sections  bored  out  conically  for  a  length  of  .95 
inch. 

Projectiles  banded  with  metal  in  two  grades — soft  and  hard,  respec- 
tively.    Bands  made  with  standard  dimensions  for  6-inch  projectiles. 

Rifled  Section  of  Tube  No.  1. 

Length  of  section,  12'';  exterior  diameter,  9^^.81. 

Forcing  cone,  of  lands,  ".95  long. 

Metal  of  band:  Copper,  92.5;  mckel,  7.5;  soft. 


Frictioiml 

Travel  of 

RemArlcfi 

resistance. 

projectile. 

A  w^l  ■  Il»  &  JLD» 

Pounds. 

Inchfa. 

1,000 

0. 

Initial  load. 

12,000 

.01- 

20,000 

.01 

22,000 

.01+ 

25,000 

.02 

30,000 

.03 

36,000 

.07 

17,000 

.16 

20,000 

.17 

25,000 

.17+ 

35,000 

.17+ 

, 

40,000 

.17 

45,000 

.18 

• 

50,000 

.18+ 

55,000 

.19 

60,000 

.20 

65,000 

.20 

70,000 

.20 

75,000 

.20+ 

80,000 

.20+ 

85,000 

.21 

90,000 

.21+ 

95,000 

.22 

98,000 

.27 

90,000 

.46 

84,000 

.55 

95,000 

.62 

100,000 

.67 

108,000 

1.18 

Maximum  reslstanoe. 

90,000 

2,12 

76,000 

2.81 

61,000 

4.29 

60,000 

5.86 

54,000 

7.71 

51,000 

9.50 

56,000 

11.10 

40,000 

12.10 
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Same  Tube  Section  as  Above,  No.  1. 
Metal  of  band:  Copper,  92.5;  nickel,  7.5;  hard. 
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Fnctlonal     Travel  of 
reafstancc.    projectile. 


Remarks. 


Pounds. 

Inches. 

1,000 

0. 

Initial  load. 

10,000 

.01 

18,000 

.02 

;        25,000 

.06 

1        29,600 

.08 

13,000 

.15 

25,000 

.16 

ao,ooo 

.16+ 

40,000 

.17 

50,000 

.17+ 

60,000 

.17+ 

70,000 

.18 

80,000 

.19 

90,000 

.22 

91,000 

.24 

80,000 

.35 

60,000 

.46 

70,000 

.56 

80,000 

.60 

100,000 

.70 

110,000 

.74 

120,000 

.83 

128,400 

1.02 

Maximum  resistance. 

110,000 

L27 

90,000 

1.97 

85,000 

2.90 

70,000 

3.62 

62,000 

5.05 

50,000 

8.00 

45,000 

9.70 

48,000 

11.00 

One-fourth  ounce  of  the  metal  of  the  band  sheared  off  and  remained 
in  the  forcing  cone  of  the  lands. 
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Rifled  Section  op  Tube  No.  2. 
Metal  of  band:  Copper,  82;  zinc,  18;  soft. 


Frictioiial 
xestfltance. 

Travel  of 
projectile. 

Remarks. 

Pounds. 

Inches. 

1,000 

0. 

Initial  load. 

3,000 

.01 

4,000 

.05 

6,000 

.06 

10,000 

.08 

• 

20,000 

.08 

25,000 

.00 

30,000 

.10 

32,000 

.12 

35,000 

.13 

40,000 

.14 

41,500 

.15 

37,000 

.17 

19,000 

.25 

25,000 

.26 

40,000 

.26+ 

45,000 

.26+ 

55,000 

.27 

05,000 

.28 

75,000 

.29 

81,000 

.34+ 

72,000 

.37 

61,000 

.41 

70,000 

.46 

80,000 

.46+ 

90,000 

.46 

100,000 

.46 

120,000 

.47 

140,000 

.48 

156,000 

.64 

Maximum  resistance. 

140,000 

.58 

120,000 

.72 

112,000 

1.04 

105,000 

1.88 

95,000 

2.50 

80,000 

4.25 

70,000 

7.80 

66,000 

9.60 

65,000 

11.25 

A  ring  of  band  metal  weighing  about  i  ounce  was  sheared  off 
before  taking  the  rifling. 
Duration  of  test,  30  minutes. 
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Same  Tube  Section  as  above,  No.  2. 
Metal  of  band:  Copper,  82;  zinc,  18;  hard. 
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Frlctional 

Travel  of 

Remarks. 

resistance. 

projectUe. 

Pounds. 

Iiiches. 

1,0U0 

0. 

iDitialload. 

10,000 

0. 

15,000 

.01 

20,000 

.02 

25,000 

.05 

29,000 

.10 

10,000 

.14 

12,000 

.17 

. 

20.000 

.19 

40,000 

.20 

60,000 

.23 

25,000 

.34 

50,000 

.38 

80,000 

.39 

100,000 

.39+ 

140,000 

.40 

147,000 

.48 

Maximum  resistance. 

100,000 

.54 

90,000 

.74 

125,000 

1.00 

100,000 

2.20 

93,000 

3.75 

90,000 

6.40 

83,000 

9.50 

73,000 

11.30 

A  ring  of  the  band  metal  weighing  about  \  ounce  was  sheared  off 
before  taking  the  rifling. 
Duration  of  test.  25  minutes. 

Rifled  Section  of  Tube  No.  3. 
Metal  of  band:  Copper,  90;  nickel,  10;  hard. 


Frlctional 

Travel  of 

resistance. 

projectile. 

Pounds. 

Inches. 

1,000 

0. 

10,000 

.01 

15,000 

.02 

20,000 

.04 

25,000 

.06 

29,000 

.10 

18,000 

.13 

25,000 

.17 

35,000 

.17+ 

45,000 

.18 

54,000 

.19 

60,000 

.21 

70,000 

.25 

90,000 

.36 

110.000 

.39 

130,000 

.39+ 

150,000 

.43 

155,000 

.47 

146,000 

.51 

125,000 

.73 

138,000 

1.22 

110.000 

2.20 

90,000 

3.70 

81.000 

6.30 

73,000 

7.20 

72,000 

10.00 

82,000 

11.30 

Remarks. 


Initial  load. 


Maximum  resistance. 


Duration  of  test,  25  minutes. 
H.  Doc.  26,  69-2 13 
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Same  Tube  Section  as  above,  'No.  3. 
Metal  of  band:  Copper,  90;  nickel,  10;  soft. 


Frictlonal 

Travel  of 

Remarks. 

resistance. 

proJectUe. 

Pounds. 

Inches. 

1,000 

0. 

Initial  load. 

10,000 

.01 

18,000 

.09 

30,000 

.10 

40,000 

.12 

60,000 

.16 

57,000 

.18 

42,000 

.24 

70,000 

.27 

100,000 

.29 

130,000 

.32 

150,000 

.37 

184,000 

.82 

Maximum  resistance. 

183,000 

.95 

150,000 

1.36 

103,000 

2.25 

98,000 

4.00 

91,000 

6.50 

80,000 

800 

77,000 

9.60 

78,000 

10.80 

About  J  ounce  of  band  metal  was  sheared  off  and  lodged  in  cham- 
fered section. 

Duration  of  test,  15  minutes. 

Rifled  Section  of  Tube  No.  4. 

Metal  of  band:  Copper,  95;  nickel,  5;  hard. 


Frlctional 

Travel  of 

resistance. 

projectile. 

Pounds. 

Inches. 

1,000 

0. 

3,000 

.02 

10,000 

.07 

20,000 

.10 

22,000 

.19 

40,000 

.21 

60,000 

.23 

61,000 

.28 

100.000 

.40 

150,000 

.44 

159,000 

.50 

164,000 

.65 

113,000 

!.0£ 

90,000 

3.40 

73,000 

7.50 

72,000 

11.00 

Remark;*. 


Initial  load. 


Maximum  resistance. 


About  i  ounce  of  band  metal  sheared  off  and  lodged  in  chamfered 
section  of  tube. 

Duration  of  test,  15  minutes. 
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friction al  resistance,  banded  projectiles. 
Same  Tube  Section  as  above,  No.  4. 
Metal  of  band:  Copper,  95;  nickel,  5;  soft. 
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Frlctional 

Travel  of 

Remarks. 

projectile. 

Pounds. 

Inches 

1,000 

0.  ' 

Initial  load. 

10,000 

.01 

20,000 

.05 

28,000 

.10 

14,000 

.15 

20,000 

.16 

30,000 

.17 

£0,000 

.20 

68,000 

.27 

60,000 

.31 

80,000 

.35 

100,000 

.87 

130,000 

.42 

133,000 

.50 

Maximum  reaistanoe. 

100,000 

.81 

95,000 

2.00 

86,000 

6.30 

84,000 

0.50 

83,000 

11.00 

Duration  of  test,  12  minutes. 

Rifled  Section  of  Tube  No.  1. 
Metal  of  band:  Copper,  97.5;  nickel,  2.5;  hard. 


Fiictiomil 
redstaDoe. 

Travel  of 
projectile. 

Remarks. 

Pounds. 

Inches. 

1,000 

0. 

Initial  load. 

10,000 

.01 

15,000 

.02 

24,000 

.09 

11.000 

.13 

30,000 

.15 

50,000 

.17 

64,000 

.22 

52,000 

.29 

80,000 

.32 

100,000 

.34 

147,000 

.42 

142,000 

.53 

# 

120,000 

.80 

140,000 

1.14 

163,000 

1.55 

165,000 

2.80 

Maximum  resistance. 

140,000 

4.95 

126,000 

7.30 

113,000 

10.60 

100,000 

11.30 

About  \  ounce  of  band  metal  sheared  off  and  lodged  in  chamfered 
section  of  tube. 

Duration  of  test,  16  minutes. 
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196         fkictional  resistance,  banded  projectiles. 
Same  Tube  Section  as  above,  No.  1. 
Metal  of  band :  Copper,  97.5;  nickel,  2.5;  soft. 


Frlctional 

Travel  of 

Remarks. 

resistance. 

projectile. 

PoundH. 

Inches. 

1,000 

0. 

Initial  load. 

10,000 

.01 

21,000 

.07 

11,000 

.14 

60,  (XX) 

.19 

53,000 

.24 

38,000 

.m 

100,000 

.34 

131,000 

.41 

129,000 

.56 

111,000 

.84 

101,000 

2.40 

Maximum  resistance. 

153,000 

3.30 

142,000 

5.70 

130,000 

8.20 

120,000 

10.40 

About  i  ounce  of  band  metal  sheared  off  and  lodged  in  chamfered 
section  of  tube. 

Duration  of  test,  1 5  minutes. 

Same  Tube  Section  as  above,  No.  1. 

Metal  of  band :  Regular  copper. 


Frlctional 

Travel  of 

Remarks. 

resistance. 

projectile. 

Pounds. 

Inches. 

1,000 

0. 

Initial  load. 

5,000 

.01 

10,000 

.02 

14,000 

.05 

8,000 

.10 

10,000 

.11 

:»,ooo 

.13 

57,000 

.21 

(K),000 

.30 

100,000 

.33 

118,000 

.43 

'80,000 

.62 

116,(XX) 
124,000 

1.40 
2.40 

Maximum  resistance. 

100,000 

4.25 

96,000 

7.20 

81,000 

10.20 

A  continuous  ring  of  band  metal  sheared  off  at  the  chamfered 
section,  the  weight  of  which  was  1  ounce. 
Duration  of  test,  16  minutes. 
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frictional  resistance,  handed  projectiles. 
Same  Tube  Section  as  above,  No.  1. 
Metal  of  band:  Regular  copper  (second  band  of  this  metal). 


197 


Frlrtional     Travel  of 
resistance.  I  projectile.  I 


Remarks. 


Pounds. 

Inches. 

1,000 

0. 

5,000 

.01 

131,000 

.43 

120,000 

1.00 

i;«,ooo 

1.50 

134,000 

2.40 

120,000 

3.27 

m,ooo 

5.:» 

115,000 

7.90 

100,000 

10.50 

80.000 

11.00 

Initial  load. 


Maximum  rpsistancc. 


A  continuous  ring  of  band  metal  was  sheared  off  at  the  chamfered 
section,  the  weight  of  which  was  1 }  ounces. 

Observations  were  made  on  the  expansion  of  the  exterior  diameter 
of  the  tube  section,  at  a  place  2". 4  from  the  breech  end.  The  expan- 
sion in  diameter  was  found  to  be  ".0037  at  the  time  the  travel  or  the 
piston  was  2".4,  the  resistance  now  being  at  its  maximum,  134,000 
pounds. 

Same  Tube  Section  as  above,  No.  1. 


Metal  of  band:  Copper,  92.5;  nickel,  7.5;  soft. 


Frlctlonal 

Travel  of 

resistance. 
Pounds. 

projectile. 

Inches. 

1,000 

0. 

10,000 

.01 

18,000 

.07 

11,000 

.08 

«2,000 

.19 

148,000 

.36 

195,000 

1.28 

188,000 

1.70 

210,000 

2.40 

200,000 

3.00 

180,000 

4.20 

160,000 

6.00 

110,000 

8.80 

Remarks. 


Initial  load. 


Maximum  resistance. 


Duration  of  test,  14  minutes. 
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198  FRICTION AL    RESISTANCE,    BANDED    FKOJECTILES. 

METAL  FOR  EXPERIMENTAL  BANDS  OF  PROJECTILES. 
Tensile  Tests. 

Diameter  of  stems/'. 357;  sectional  area,  .10  square  inch;  gauged 
length,  1". 


Composition. 


Copper. 


82 
82 
82 
82 
90 

90 


90 

90 
92.6 

92.5 
92.5 
92.5 
95 


95 

95 
95 
97.5 


97.5 

97.5 
97.6 
100 

100 


Nick- 
el. 


10 
10 

10 

10 
7.5 

7.5 
7.6 
7.6 
5 


5 
5 
2.5 


2.6 


2.6 
2.5 


Zinc. 


Doacilptlon. 


Soft 

Soft,  Immmered. 

Hard 

Hard.lianiniered 
Soft 

Soft,  hanimered . 

Hard 

Hard,  hammered 
Soft 

Soft,  hammered . 

Hard 

Hard,  hammered 
Soft 

Soft,  hammevpd . 

Hard 

Hard,hammpred 
Soft 

Soft,  hammered . 

Hard 

Hard,  hammered 

Regular  band 
metal. 

Regular  band 
metal,  ham- 
mered. 


Ap- 

f)rox- 
mate 
elastic 
limit 
per 
square, 
inch. 


Pounds, 
12,2UO 
45,000 
55,000 
58,200 
20,500 

51,200 


51,400 

54,600 
14,000 

42,600 
48,100 
50,200 
18,000 


52,000 

46,400 
51,500 
17,000 


43,800 

43.200 
46,200 
15,400 

41,000 


Tensile 
strength 

per 
square 

inch. 


Pounds. 
40,200 
46,700 
57,000 
58,6110 
37,800 

51,200 


51,400 

64,600 
35,900 

42,600 
48,100 
50,200 
34,200 


52,000 

44S,400 
51,S00 
33,000 


43,800 

43,200 
46,200 
31,600 

41,000 


Elon 
gatlon 

in 
1  inch 


Perct 
71 
38 
26 
28 
62 

24 

24 
20 


25 


Con- 
trac- 
tion 
of 
area. 


Perct 

80 
77 
65 


80 


Appearance  off  ractures. 


Fine  silky;  light  yellow. 
Do. 
Do. 
Do. 
Fine    silky;  dark    red 

copper  colored. 
Fine  silky;    dark    red 
copper  colored;   mi- 
nute hole  at  center 
Fine    silky;  dark    red 
copper  colored. 

Fine  silky;  red  copper 
colored. 
Do. 
Do. 
Do 
Fine    silky;    red  cop- 
per colored;   opened 
cracks  along  stem. 
Fine  silky;  red  copper 
colored. 
Do. 
Do. 
Fine    silky;    red    cop- 
per   colored;  opened 
cracks  along  stem. 
Fine  silky;  red  copper 
colored. 
IH). 
Do. 
SUky. 

Do. 
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frictional  resistance,  banded  projectiles. 
Shearing  Tests. 
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Specimens  J^  diameter,  with  V-shaped  grooves  at  shearing  planes. 
Diameter  at  root  of  grooves,  '^.375;  shearing  area,  .22  square  inch. 


Hardness. 

[As  determined  with  indeDting  tool.] 


CompoBltion. 

Deacriptlon. 

Shearing  strength. 

Copper. 

Nickel 

Zinc. 

18 
18 
18 
18 

Total. 

Pounds. 
8,400 
8,520 
8,460 
8,850 
8,960 
8,300 
8,450 
8,440 

Per 
square 
inch. 

Pounds. 
38,180 
38,730 
38,450 
40,230 
38,000 
38,000 
38,410 
38.  .%0 

82 

82 

82 

82 

90 

90 

00 

90 

92.5 

92.5 

92.5 

92.5 

05 

95 

05 

95 

97.5 

97.5 

97.5 

97.5 
100 
100 

Soft 

Soft,  hammered 

Hard 

Hard,  hammered 

10 
10 
10 
10 

Soft.         ...                                        ..         . 

Soft,  hammered 

Hard 

Hard,  hamitiArRd 

7.5  :::::::: 

Soft 

7.550    ,     34,320 
8,200        37,270 
8,250         37,500 
8.250         37.500    1 

7.5 

7.5 

7.5 

5 

5 

5 

5 

2.5 

2.5 

2.5 

2.5 





Soft,  hammered 

Hard 

Hard,  hammered 

Soft 

7,600 
8,200 
8,100 
7,800 
7,200 
8,150 
7,300 
7,200 
6,500 
5,900 

34,550 
37,270 
36,820 
35,450 
32.730 
37,050 
33,180 
32,730 
29,550 
26,820 

Soft,  hammered 

Hard 

Hard,  hammered 

Soft.! 

Soft,  hammered 

Hard 

Hard,  hammered 

RegfYilar  band  metal 

Regnlar  band  n^etal,  haniTnered 

Composition. 


Copper.       Nickel 


Zinc. 


Descrip- 
tion. 


Direction  of  cut. 


Hardness. 


82 
82 
82 
82 
90 
90 
90 
90 
92.5 
02.5 
92.5 
02.5 
97.5 
07.6 
97.6 
100 


10 

10 

10 

10 
7.5 
7.6 
7.6 
7.5 
2.5 
2.5 
2.6 


18 
18 
18 
18 


Soft 

....do... 

Hard 

...-do... 

Soft 

....do... 

Hard 

....do... 

Soft 

....do... 

Hard 

do... 

Soft 

Hard 

....do... 


Lengthwise. 
Crosswise... 
Lengthwise. 
Crosswise. . . 
Lengthwise. 
Crosswise. . . 
Lengthwise. 
Crosswise. . . 
Lengthwise. 
Crosswise. . . 
Lengthwise. 
Crosswise... 
Lengthwise. 

Crosswise... 
Lengthwise. 


a  57 
a56 
3.55 
&93 
a46 
3.48 
&26 
7.74 

Below  a  33 
Do. 
7.30 
7.10 

Below  a  33 
&02 
&46 

Below  a  33 
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FRICTIONAL    RESISTANCE,    BANDED    PROJECTILES. 


SUPPLEMENTARY  TESTS. 

Additional  tests  on  frictional  resistance  of  banded  projectiles  in 
rifled  bores  of  sections  of  6-inch  tubes. 

Rifled  Section  of  Tube  No.  2. 

Metal  of  band:  Copper,  92.5;  nickel,  7.5;  soft. 


Frictional 

Travel  of 

Remarks. 

resistance. 

projectile. 

Pounds. 

Inches. 

1,000 

0. 

Initial  load. 

10,000 

.01 

20,000 

.03 

30,000 

.09 

32.000 

.11 

21,000 

.13 

18,000 

.17 

30,000 

.19 

40,000 

.20 

70,000 

.22 

80,000 

.24 

83,000 

.32 

100,000 

.39 

120,000 

.40 

150,000 

.46 

160,000 

.50 

167,000 

.68 

Maximam  resistance. 

155,000 

.70 

150.000 

.90 

140,000 

1.32 

130,000 

2.00 

120,000 

2.80 

118,000 

4.00 

112,000 

6.20 

» 

100,000 

9.10 

90,000 

10.90 

A  few  sinall  pieces  of  band  metal  were  sheared  off  and  remained 
in  the  breech  end  of  the  tube. 
Duration  of  test,  20  minutes. 

Same  Tube  Section  as  above,  No.  2. 

Metal  of  band:  Copper,  82;  zinc,  18;  soft. 


Frictional 
resistance. 

Pounds. 

Travel  of 
projectile. 

Remarks. 

Inches. 

1,000 

0. 

Initial  load. 

10,000 

.03 

20,000 

.06 

13,000 

.14 

30,000 

.17 

50,000 

.19 

70,000 

.21 

86,000 

.28 

69,000 

.37 

100,000 

.39 

130,000 

.40 

170,000 

.41 

200,000 

.49 

Maximum  resistance. 

150,000 

.70 

162,000 

1.09 

170,000 

1.30 

172,000 

1.65 

160,000 

2.45 

143,000 

3.80 

130,000 

5.10 

120.000 

7.00 

110,000 

10.00 

A  continuous  rins:  of  band  metal  was  sheared  off  the  rear  end  of 


tho  ])and,  the  weight  of  which  was  }  ounce. 
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BRONZE. 

DRY  SAND,  GREEN  SAND,  AND  CHILLED  CASTINGS. 


Metal  cast  at  Watertown  Arsenal  in  connection  with 
series  of  tiista  on  resistance  of  banded  pro- 
jectiles in  rifled  sections. 
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TENSION  TESTS  OF  BRONZE  CAST  AT  WATERTOWN  ARSENAL 

FOUNDRY. 

Specimens  turned  down  from  cast  bars  2^  diameter. 
Dry  sand;  green  sand,  and  chilled  bronze  castings. 

No.  2  Bronze. 

No.  8221. 
Marks,  D2. 

No.  2  bronze.     Dry  sand  casting. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

^      1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7.000 

8,000 

9,000 

10,000 

11,000 

12.000 

13,000 

14.000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

0 

Inch. 

0. 

.0008 
.0017 
.0024 
.0032 
.0041 
.0050 
.0060 
.0069 
.0079 
.0090 
.0105 
.0130 
.0180 
.0300 
.0470 
.0600 
.1090 
.1600 
.28 
.30 

Inch. 
0. 

Initial  load. 

E  =  11, 570,000  pounds  per  square  inch. 

Tensile  strength. 
=  3  per  cent. 

0. 

.0002 

.6630 

.0179 

Elongation  of  inch  sections,  ^.03,  ''.10*,  ''.02,  ''.OS,  ^^.02,  ''.OS,  ".02, 
".02,  ".01,  ".02. 

Diameter  at  fracture,  1".10;  area,  .950  square  inch. 

Contraction  of  area,  5  per  cent. 

Position  of  fracture,  1  .97  from  the  neck. 

Appearance  of  fracture,  lavender  and  light-yellow  patches. 
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URONZK. 


No.  8222. 

Marks,  G2. 

No.  2  bronze.     Green  sand  casting. 

Diameter,  I''.  129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  p(»r 

squurc 

inch. 


Poumlfs. 
1,000 
2,000 
3,000 
4,000 
6,000 
0,000 
7.000 
8,000 
9,000 
10,000 
11,000 
12,000 
13.000 
14.000 
15,000 
10.000 
17.000 
18,000 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0009 
.0017 

.  m:i\ 
.oo;i4 

.0042 
.  00.j2 
.OCKii 
.0072 
.0084 
.0100 
.01-20 

.oirK*) 
.  02;« 

.03.S0 
.  OtM) 
.lOtK) 
.1800 
.23 


Set. 


Inch. 


Uoinarks. 


.0005 


.0050 


Initial  load. 


.  QrliAi      E  :--^  1 1 ,  570, 000  pound H  per  square  Inch . 


Tensile  strength. 
—  2. 3  per  cent. 


Elongation  of  inch  sections,  ''.04,  ''.07*,  ^".02,  ".02,  ^^.02,  ^02,  ".01, 
.01,  ".01,  ".01. 
Diameter  at  fracture,  1".10;  area,  .950  square  inch. 
Contraction  of  area,  5  per  cent. 
Position  of  fracture,  1".3  from  the  neck. 
Appearance  of  fracture,  lavender  and  light-yellow  patches. 
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Marks,  C2. 
No.  2  bronze. 


No.  8223. 


Chill  castins 


Diameter,  r.l29. 

Sectional  area,  1  square  inch. 

Gauged  length,  lO'^. 


Appliod 

loads  per 

sqtiaro 

inch. 


POUTUU. 

1,000 
2,000 
3,000 
4,000 
5,000 

rs(K)0 

7.(X)0 
X,000 
9,000 
10,000 
11,000 
12,  (KX) 
13,000 
14,000 
15,000 
It),  000 
17.000 
IS,  000 
19,  (XM) 
20,000 
21.000 
22,000 
2:^.000 
24.000 
25. 000 
2i-..  ()O0 
27.  (XX) 
2.S.  0(X) 
2*>.000 
29,100 
'      0 


In  gauged  longth. 


Elonga^ 
tiou. 


Inch. 
0. 

.0008 
.0010 

.002:j 
.oa'«) 
.(X):w 

.004() 

.0052 

.00«K) 

.(XX)9 

.0078 

.0085 

.0097 

.0109 

.0124 

.0147 

.0171 

.0210 

.0270 

.0341 

.0470 

.0(iO() 

.0720 

.ttSSO 

.lOlX) 

.14 

.18 

.21 

.27 


.27 


Set. 


Inch. 
0. 


.0007 


.0020 


.0080 


Remarks. 


Initial  load. 


E»10,480,000  pounds  per  square  inch. 


Tensile  strength. 
^2.7  per  cent. 


Elongation  of  inch  sections,  ''.02,  ^^.02,  ''.02,  ^^.02,  ".03,  ".02,  ".02, 
".03,  ".07*,  ".02. 

Diameter  at  fracture,  1".10;  area,  .950  square  inch. 

Contraction  of  area,  5  per  cent. 

Position  of  fracture,  1".3(S  from  the  neck. 

Appearance  of  fracture,  dark  lavender  with  light  yellow  center. 
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BRONZE. 


No.  8224. 
Marks,  D2-H. 

No.  2  bronze.     Dry  sand  casting,  hammered  cold. 
VJS  to  r.71  diameter. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Reduced  from 


loads  per 
square 
inch. 

In  gauged  length. 

Bemarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
2.000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17.000 
18,000 
19,000 
20,000 
22.000 
24,000 
26,000 
28,000 
29,700 
0 

Inch, 
0. 
.0006 

.0017 
.0026 
.0037 
.0044 
.0063 
.0061 
.0070 
.0081 
.0090 
.0100 
.0109 
.0119 
.0129 
.0139 
.0150 
.0159 
.0170 
.0180 
.0208 
.0240 
.0280 
.0341 

Inch. 
0. 

Initialload. 

E- 11,047,000  pounds  per  square  inch. 

Tensile  strength. 
—0.6  per  cent. 

0. 

0. 

0. 

.0001 

.0006 

.0006 

.06 

Elongation  of   inch  sections,  O'',   ''.Ol,  ''.04*,   O*',  O'',  O'',  0^  O'', 
'^.01,  0^ 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  2^^.17  from  the  neck. 
Appearance  of  fracture,  light  lavender. 
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BRONZE.  207 

No.  8225. 
Marks,  Q2-H. 

No.  2  bronze.    Green  sand  castings  hammered  cold.     Reduced 
from  1^.75  to  1''.67  diameter. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


loads  per 
incu. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

.  17,000 

18,000 

19,000 

20,000 

22,000 

24,000 

26,000 

26,700 

0 

Inch. 

0. 

.0009 
.0020 
.0029 
.0038. 
.0048 
.0068 
.0068 
.0078 
.0087 
.0097 
.0107 
.0117 
.0126 
.0137 
.0147 
.0157 
.0168 
.0179 
.0190 
.0218 
.0249 
.0289 

Inch. 
0. 

Initial  load. 

E- 10,000,000  pounds  per  tiquare  inch. 
Tensile  strpngth. 
-0.4  per  cent. 

0. 

.0001 

.0001 

.0001 

.0002 

.0007 

.0039 

.04 

Elongation  of  inch  sections,  O''.  '".Ol,  0'',  O'',  O'',  O'',  O'',  O'',  ''.03*,  0^ 

Contraction  of  area,  inappreciable. 

Position  of  fracture,  1^.5  rrom  the  neck. 

Appearance  of  fracture,  light  lavender  and  golden  yellow  color. 
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BRONZE. 


No.  8226. 
Marks,  C2-H. 

No.  2  bronze.    Chill  casting,  hammered  cold, 
to  I'^.TO  diameter. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Reduced  from  l^.TS 


ApplicMl 

loads  per 

squaro 

inch. 


Pounds. 

1,000 

2,000 

3,000 

4,000 

.'),000 

6,000 

7,000 

8,000 

9,000 

10,000 

11  000 

12.000 

ia,()00 

14,000 
15,000 
16,000 
17,000 
18,000 
10.000 
20,000 
22,000 
21,000 
2(i,000 
30,000 
34,000 
38,000 
41,900 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 
0. 
.0006 
0013 
0020 
0028 
.  OaU) 
.0042 
.0050 
.0059 
.00(5<i 
.0071 
.0079 
0087 
.0095 
.0101 
.0110 
.0117 
.0122 

.oi:w 

.0139 
.0151 
.0167 
.0181 

.a3 

.04 
.05 


.03 


Set. 


Inch. 
0. 


.0001 


.0001 


Remarks. 


Initial  load. 


E- 13,888.000  pounds  per  square  inch. 


Tcnsllo  strength. 
—0.3  percent. 


^0" 


O'',  ''.02*,  O'',  0'' 


Elongation  of  inch  sections,  0'',  O'',  O'',  ''.Ol,  0' 

Contraction  of  area,  inappreciable. 

Position  of  fracture,  2''.35  from  the  neck. 

Appearance  of  fracture,  lavender  with  light  yellow  at  center. 
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No.  8227. 
Marks,  D2-An. 

No.  2  bronze.     Dry  sand  casting.     Annealed. 
Diameter,  r.129. 
Sectional  "area,  1  square  inch. 
Gauged  length,  10^ 


Applied 
loads  per 

square 

inch. 


In  gauged  length. 


P(mnds. 

1,000 

2,000 

3,000 

4,000 

.5,000 

(i.OOO 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

If),  000 

16,000 

17,000 

18,000 

19,000 

20,000. 

21,000 

21,200 

0 


Elonga- 
tion. 

Set. 

Inch. 
0. 
.0010 

Inch. 
0. 

.0019 

.0028 

.0037 

.(X)40 

.0a'i4 
.0062 

.0070 

.0081 
.0094 

.0002 

.0110 

.0130 

.0168 

.0238 

.6120 

Remarks. 


Initial  load. 


.0430 

.0750 

.11 

.18 

.28 

.41 


.  0600    I  E=>  10,607,000  pounds  per  square  inch. 


.43 


Tensile  strength. 
=4.5  per  cent. 


Elongation  of  inch  sections,  ^^.04,  '^.04,  ^^.04,  \i)5,  ''.11*,  ".03,  ^'.04, 
^^.04,  ''.03,  ".03. 

Diameter  at  fracture,  1".09;  area,  .933  square  inch. 

Contraction  of  area,  6.7  per  cent. 

Position  of  fracture,  4".88  from  the  neck. 

Appearance  of  fracture,  lavender  and  brownish  yellow  metal  inter- 
mingled. 

H.  Doc.  26,  69-2 14 
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KRONZE. 


No.  8228. 
Marks,  G2-An. 

No.  2  bronze.     Green  sand  casting.     Annealed. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 


Pounds.    I 
1,000    . 
2,000 
3,000 
4,000 

r>,ooo 

0,000 
7,000 
8,000 
9,000    i 
10,000    ' 
11,000 
12,000 
13.000 
14,000 
15,000 
16,000    I 
17,000    ! 
18,000 
18,900 
0    I 


liigaugi'd  length. 


Elonga- 
tion. 


In<h. 

0. 
.0010 
.0019 
.0029 
.0039 
.0049 
.QOTu 
.OOGS 
.0078 
.0089 
.0101 
.0120 
.0150 
.0195 

.aioo 

.0500 
.0835 
.15 


.26 


Set. 


Inch. 
0. 


.0003 


.0171 
.0686' 


Remarks. 


Initial  load. 


R=  10,323,000  pounds  pi^r  square  inch. 

Tensile  strength. 
=-2.6  per  cent. 


Elongation  of  inch  sections,  ''.03,  ''.03,  ''.OS*,  ".04,  ".02,  ".01,  '*.02, 
".01,  ".01,  ".01. 

Diameter  at  fracture,  1".10;  area,  .950  square  inch.  • 

Contraction  of  area,  5  per  cent. 

Position  of  fracture,  2  .4  from  the  neck. 

Appearance  of  fracture,  lavender  and  brownish  yellow.  Irregular 
surface. 
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No.  8229. 
Marks,  C2-iVn. 

No.  2  bronze.     Chill  casting.     Annealed. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10''. 


Applied 

loHUS  per 

square 

inch. 


Pounds. 

1,000 

2,000 

3,000 

4,000 

6,000 

0,000 

7,000 

^,(K)0 

9,000 

10  000 

11,000 

12,000 

13,000 

14,000 

15,000 

1(5,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

24,000 

25,000 

25,800 

0 


In  gaug<Kl  IcMigth. 


Klongn- 
tian. 


Tjich. 

0. 
.0009 
.0017 
.0024 
.0032 
.0040 
.0r)48 
.0057 
.00(a 
.0071 
.  OOM 

jmri 

.0101 

.0112 

.0130 

.0159 

.0200 

.  02(i2 

.(XWO 

.0505 

.07 

.10 

.15 

.20 

.20 


.28 


Remarks. 


Set. 


Inch. 

a 


Initial  load. 


.0020 


.  0342       E =11, 056,000  pounds  jxt  squaru  inch. 


Tensile  strength. 
=2.8  i)or  cent. 


Elongation  of  inch  sections,  ''.03,  ''.03,  ".02,  ".02,  ".03,  ".02,  ".03, 
".02,  ".03,  ".05. 

Diameter  at  fracture,  1".10;  area,  .950  square  inch. 

Contraction  of  area,  5  per  cent. 

Position  of  fracture,  at  the  neck. 

Appearance  of  fracture,  lavender.  Golden  yellow,  spongy  spot  at 
center,  J  inch  in  diameter. 
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bkonzp:. 

No.  3  Bronze. 

No.  8233. 


Marks,  D3. 

No.  3  bronze.     Dry  sand  castiiiji:. 

Diameter,  1".129. 

Sectional  area,  1  s(juare  inch. 

Gauged  length,  1(/. 


Applietl 
oji<ls  po 


Ingaiifjml  k'liglh. 


loji< 


Pounds. 
1,(XK) 
2,(KK) 

4,(100 
5,()(X) 

7,0(K) 
H.OOO 
9,(M)0 
10,(KX1 
11, 000 

12,  (KK) 

13,  (KX) 
14, (¥X) 
15,000 
l(;,(XK) 
17,0(X) 
1S,(KX) 
19,<XX) 
20,  (XX) 

'21  vm 

22. (XX) 

2;{,ooo 

24,  (HK) 
25, (KM) 
2«1,(XX) 
27  (XX) 
2s'.UK) 


Sot. 


Remarks. 


Inch. 

1   <^- 

1    .0008 

Inch. 
0. 

.0017 

.0024 

.  0032 
.(X)40 

0. 

mrn) 

.  (X)5H 

.  0(h',7 
.  0077 
.(X)87 
.0097 

iXMli " ' 

.0110 

.0121 
.  0138 
.01.55 

."»K)i7"' 

.0173 

.  OlOM 

1    .0221 

1     . 0251 
.02SO 

.  (X)7S 

.(KU) 

.  ()3S0 

.  0443 

.0525 
.  (XilO 

.(LN». 

.  07  .V) 

.0912 

.13 

Initial  load. 


r.   -!0.012.(K)0  i)(>uii(i.<  iM-r  .s(iii;iri'  inch. 


0  .13        I =1.3  per  cent. 

Elongation  of  inch  sections,  ".01,  ".(Hi=^\  '".Ol,  '.ol,  ''.01,  0",  ".01, 
'.01,/.01,  0". 
Diameter  at  fracture,  1".()9;  area,  .033  scjuare  inch. 
Contraction  of  area,  6.7  per  cent. 
Position  of  fracture,  1".41  from  the  neck. 
Appearance  of  fracture,  lavender  and  lemon  yellow. 
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No.  8234. 
Marks,  G3. 

No.  3  bronze.     Green  sand  casting. 
Diameter,  1".129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10\ 


Applied 

loads  per 

square 

ineh. 

Pounds. 

1,000 
2,000 
3,000 
4,000 
5,«)0 
0,000 
7,000 
8,000 
9,  (MX) 
10,000 

11,  (MM) 

12,  (MM) 

13,  (MM) 

14,  (MM) 
15,(MM) 
10,0(X) 
17,  (MM) 
1H,(MK) 
19.  (MM) 
3u.(MM) 

In  gauge 

p:ionga- 
tion. 

Inch. 

0. 
.(X)10 
.(M)I9 
.  (M)2<» 

1  length. 

an. 

Inch. 
0. 

liemurks. 
Initial  load. 

•.(M>,iS 
.(M)I7 
.(M).')*) 
.  (M)(14 
.(K)71 
.(M)S0 
.  (M)'M) 

0. 

.0001 

.0101 
.0111 

.orj:i 

.()13(i 

.oils 

.on. 2 
.OlSO 
.01'>U 
.02 19 



.0011 

, 



.(K)43 

21. (MM) 

22,  (MM) 

23,  (MM) 

24,  (MM) 
."i.(MM) 


.  (rJ4S 
.0!>71 
.  0:{(M) 
.  ()3-i:. 
.  04(M) 


OUiO 

27. (KM)     Tcrsih>  stn^ncth. 

0  .12         --^  1.2  i^^r  cent. 


E  =  10.000.000  pounds  p<«r  square  ineh. 


Elongation  of   inch  sections  O'',  ''.01,  iV,  ".01)*,  ".01,  0",  0",  ".01. 
0",  0". 

Diameter  at  fracture,  1".10;  area,  .950  square  inch. 
Contraction  of  area,  5  per  cent. 
Position  of  fracture,  3". 6  from  the  neck. 
Appearance  of  fracture,  lavender  and  lemon  yellow. 
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BRONZE. 


Marks,  C3 

No.  3  bronze.    Chill  casting. 

Diameter,  I''.  129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10'\ 


No.  8235. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarlcs. 

Pounds. 
1,000 
6,000 
10,000 
15,000 
10,000 

Inch. 

0. 
.0032 
.0069 
.0109 
.0115 
.0122 
.0131 
.0140 
.0150 
.0159 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 

] 

E  =  12,632,000  pounds  per  square  inch. 

Tensile  strength. 
=  6.9  percent. 

17,000 

18,000 

19,000 

20,000 
21,000 

0. 

22,000 

.0167 

.0178 

.0188 

.0200 

.0210 

.0224 

.0241 

.0261 

.0283 

.04 

.05 

.06 

.08 

.11 

.14 

.18 

.22 

.27 

.31 

23,000 

24,000 

25,000 
2ti,000 

.0010 

27,000 

28,000 

29,000 

30,000 
32,000 

.0050 

34,000 

36,000 

38,000 

40,000 

.     42,000 
44,000 

46,000 

48,000 

50,000 

52,000 

.37 
.43 
.50 

.58 
.67 

54,000 

5(>,000 

58,000 

60,000 

61,700 

0 

.60 

Elongation  of  inch  sections,  ^".09*,  ''.06,  ''.06,  ^07,  ".06,  ''.O?,  ''.O?, 
.07,  \67,  ^07. 
Diameter  at  fracture,  1".06;  area,  .882  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Position  of  fracture,  '^.SS  from  the  neck. 
Appearance  of  fracture,  light  yellow. 
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No.  8236. 
Marks,  D3-H. 

No.  3  bronze.     Dry  sand  casting,  hammered  cold. 
I'^.TS  to  r.71  diameter. 
Diameter,  1M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Reduced  from 


Applied 

loads  per 

square 

incli. 

In  gauge 

Elonga- 
tion. 

d  length. 

Set 

Remarks. 

Pounds. 
1.000 
5,000 
10,000 
15.000 
20,000 
21.000 

Inch. 

0. 
.0033 
.0073 
.0118 
.0160 
.0168 
.0177 
.0188 
.0196 
.0204 
.0215 
.0224 
.0232 
.0243 
.0254 
.0266 
.0279 
.0290 
.0300 
.0319 

.07  ■■■ 

Inch. 
0. 
0. 
0. 
0. 
.0001 

Initial  load. 

22,000 

23,000 

24.000 

25.000 
26,000 

.0003 

E  =  11,940,000  pounds  per  .nquAre  inch. 

27,000 

28,000 

29,000 

30.000 
31,000 

.0013 

32,000 

33.000 

34,000 

35.000 

35,000 

0 

.0034 

Tensile  strength. 
=  0.7  per  cent. 

Elongation  of  inch  sections,  O'',  ''.01,  0'',''.04*,  ''.Ol ,  O'',  ".01 ,  O'',  O'',  O''. 
Contraction' of  area,  inappreciable. 
Position  of  fracture,  3^.82  from  the  neck. 

Api>earance   of   fracture,   light   yellow.     Fractured   upon   second 
application  of  35,000  pounds  tension. 
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BRONZE. 


No.  8237. 


Marks,  G3-H. 

No.   3  bronze.     Green  sai  d 
from  1".75  to  T.Tl  diameter. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


casting,   hammered  cold.     Reduced 


Applied 

loads  per 

square 

inch. 

Pounds. 
1,000 
5,000 
10.000 
15,000 
16,000 

In  gauged  length. 

Ronmrks. 

In(h. 

0. 
.0038 
.0080 
.0120 
.0128 
.0137 
.0140 
.0152 

.onu 

.0170 

Inch. 

0. 

0. 

0. 

0. 

Initial  load. 

17.000 

'        18,000 

19.000 

20,000 
21,000 

0. 

22.000 

.0180 
.01.«t9 
.0U« 
.0208 
.0214 
.0223 
.0232 
.0243 
.0253 

.a3 

23,000 
24,000 

25.000 
26,000 

0. 

E  =  11,638.000  pounds  por  square  inch. 

27,000 

28,000 

•20,000 
30.000 
3(i.000 
40,000 
44.000 
44.500  . 

.0002 

.04 
.05 

'i'rnsllo  strength. 
-^  0.7  per  cent. 

0 

.07 

Elongation  of  inch  sections,  0",  0'',  0'',  ''.01,  O'',  ''.05*,' O'',  0'',  0",  ".01. 
Diameter  at  fracture,  1^.11 ;  area,  .968  square  inch. 
Contraction  of  area,  3.2  per  cent. 
Position  of  fracture,  V.7  from  the  neck. 
Appearance  of  fracture,  light  and  lemon  yellow. 
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No.  8238. 
Marks.  C3-H. 

No.  3  oronze.     Chill  castirg,  hammered  cold, 
to  r'.72  diameter. 
Diameter,  r.l29. 
Sectional  area,  1  square  ii  ch. 
Gauged  length,  10  . 


Reduced  from  I'^.VS 


Applied 

loads  jxjr 

square 

inch. 


Pounds. 

1,(XX) 

o,0(X) 

10.00(1 

I.^».(i00 

in.ooo 

!7.00() 
IS.(XM) 
lO.OfK) 
20,  (XX) 
21,000 
22.000 
2S,(XX) 
24. (XX) 
2'i,(XX) 
2'i.(XX) 
27,000 
2S.0(X) 
29,  (XX) 
:K),(XX) 
31.000 
.T2,000 
.*«.(XX) 
.•?4,(XX) 

:w.oou 

Sfi.OOO 

:i7,  o(X) 

3«.(XX) 
39,000 
40,000 
48,000 
56.000 
(•■4,000 
(36,400 
0 


In  gauge 

Elonga- 
tion. 

Inch. 

0. 
.(XK^l 
.(MM'iS 
•  OKM 
.0111 

d  length. 

Sot. 

Inch. 

0. 

0. 

0. 

0. 

.0119 

.0127 

.  0132 

.0140 
.0148 

0. 

.oir>4 

.0161 

.  OUiO 

.017.'i 
.01  Si 

0. 

.0191 

.  0198 

.  020.5 

.0212 
.0221 

-   .(KKJl 

.0229 

.OZtt 

.0242 

.02.% 
.  02,')9 
.  02f')8 

-   .(KX)l 

.0275 
.0282 

.0290 
.04 

0. 

.05 
.08 


Keinarks. 


Inithil  lojid. 


K=  13,714,(X)0  pounds  iK»r  st|Ujirp  inch. 


Tensile  strength. 
=0.9  percent. 


Elongation  of  inch  sections, ''.04*/.01,  ''.01,  ".01,  O'',  ".01,  0",  0", 
".01,  0". 

Diameter  at  fracture,  1".09;  area,  .933  square  inch. 
Contraction  of  area,  6.7  per  cent. 
P()sitioj\  of  fracture,  ".75  from  the  neck. 
Appearance  of  fracture,  brownish  yellow. 
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BRONZE. 


No.  8239. 
Marks,  D3-An. 

No.  3  bronze.     Dry  sand  castirg.     Annealed. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 

Pounds. 
l.ono 
2,000 
3,000 
4,000 
5,000 
0,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13.000 
14,000 
15.000 
16.000 
17,000 
18.000 
19,000 
20.000 
20,400 
0 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 

0. 
.0004 
.0013 
.0021 
.U029 
.0035 
.004fi 
.0a')2 
.0062 
.0070 
.0070 
.0090 
.0100 
.0112 
.0127 
.0138 
.0150 
.0182 
.0212 
.0259 

Inch. 
0. 

Initial  load. 

0. 

0. 

.0010 

.0090 

E<«  11,243,000  pounds  net  square  Inch. 
Tensile  strength. 
-0.7  per  cent. 

.07 

Elongation  of  inch  section^;  0'',  ''.Oe*,  0'',  ''.01,  O'^,  O'^,  O'^,  O'',  O'',  O'' 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  V.65  from  the  neck. 
Appearance  of  fracture,  brownish,  lemon  yellow. 
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No.  8240. 
Marks,  G3-An. 

No.  3  bronze.     Green  sand  casting.     Annealed. 
Diameter,  1".129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10''. 


loaos  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
2,000 
3,000 

Inch. 

0. 
.0007 
.0014 

Inch. 
0. 

Initinl  load. 

E=  10,959,000  pounds  per  square  Inch. 

Tensile  slrmgth. 
=•1.5  per  cent. 

4,000    1         .0022 

5,000 
6,000 
7,000 
8,000 
9,000 
10.000 
11,000 
12,000 
13,000 

.oau 

.0040 

0. 

.(xm 

.0068 

.0076 

.0083 

.0091 

.0100 

.0110 

.0122 

.0130 

.0143 

.0152 

.0167 

.0180 

.0194 

.0211 

.0230 

.0253 

.0280 

.0300 

.0342 

.0385 

.05 

.07 

.10 

0. 

I        14,000 

16,000 
1        16,000 

.0003 

1        17,000 

18,000 

19,000 

20,000 
21,000 
22,000 
23,000 
24.000 
2.5,000 
26,000 
27,000 
28,000 
30,000 
32,000 
34,000 
35,100 
0 

.0015 

.0061 

.0138 

.15 

Elongation  of  inch  sections,  ''.Ol,  0",  ".02,  ".07*,  ".01,  ".01,  ".01,  0", 
".01,  ".01. 

Diameter  at  fracture,  l".ll;  area,  .968  square  irch. 
Contraction  of  area,  3.2  per  cent. 
Position  of  fracture,  2".24  from  the  neck. 
Appearance  of  fracture,  lavender  and  lemon  yellow. 
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BRONZE. 


Marks,  C3-An. 

No.  3  bronze.     Chill  casting. 

Diameter,  I'M 29. 

Sectional  area,  1  square  inch. 

Gauged  length,  10". 


No.  8241. 
iVnnealed. 


Applied 

lou<l.s  per 

squuRJ 

inch. 

Pounds. 
1,0<X) 

2.  (XX) 

3,  (XX) 

4,  (XX) 

5.  (XXI 
«i,(XX) 

7.  (XX) 

8.  (MX) 

9.  (XX) 

10,  (XX) 

11,  (XX) 

12,  (XX) 
13,006 

14,  (XX) 

15,  (XX) 
l(i,(XX) 
17,(XX) 
18,  (XX) 
19,0(X) 

20,  (XX) 

21,  (XX) 

22,  (XX) 
23,0(X) 

24,  (XX) 

25,  (XX) 
20,  (XX) 
27,0(X) 
28,(X)0 
29,000 
30,000 
32,000 
34,000 
36,  (XX) 
38,000 
40.  (XX) 
42,  (XX) 
44.  (XX) 
40,  (XX) 
48.  (XX) 
50.  (KX) 
52.  (XX) 

In  gauge 

P:ionga- 
tion. 

Inch. 

0. 
.(XX)7 
.(XM3 
.0020 
.(XL>1> 
(XtH 
.(X)41 
.(X).'X) 
.(X);-Mi 
.(XXJ2 
.Oi)70 
.007S 
.(XW. 
.(XKrj 
.0100 
.0108 
.0111 
.0122 
.0132 
.014:> 
.0151 
.01«i;j 
.017'.» 
.01U5 
.0211 
.02:!2 
.()2r,s 
.02<il 

.();:_•(■. 
.  o;i7s 

.  05 
.07 
.10 
.14 

:2i 

.20 
.32 
.39 
.47 
.  .54 
.(i:i 

d  length. 

Set. 

Inch. 
0. 

0. 

0. 

0. 

.nm 



.(X)29 

.'6i32'" 



5-1.  (XX) 

Roniarks. 


Initial  lo.-ul. 


!■:-=  13.1S7,(KX)  poiintls  por  square  inch. 


.')<i,(XM) 
.58,  (XX) 
(X).(XX) 
01,  KX) 
0 


.84 

.m       

1 

l.Oi)          

1 

Tensile  stn'tipth. 
=  10.9  perctiil. 


Elongation  of  inch  sections,  MO,  'MO,  'MO,  'Ml,  ".11,  Ml,  M5*, 
MO,  ".11,  ".10. 

Diameter  at  fracture,  1".03;  area,  .833  scjuaro  inch. 
Contraction  of  area,  16.7  per  cent. 
Position  of  fracture,  4".25  from  the  neck. 
Appearance  of  fracture,  fine  granular.     Light  yellow. 
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No.  8242. 
Marks,  D3-HH. 

No.  3  bronze.     Dry  sand  casting,  hammered  hot. 
i".75  to  1".54  diameter. 
Diameter,  rM29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10". 


Reduced  from 


Applied 

loads  per 

square 

inch. 


In  gauged  length - 


Elonga- 
tion. 


Keniarks. 


Set. 


Pound  ft. 
1,000 
f),(JOO 
10,000 
ll.(M)0 

Inch.    ^ 
0.           *, 

.0028     ■ 
.(XX)2 

.mv.)   '. 

.(X)7S      . 
.(X)-SO      . 
.(Xf.ti 
0100 
.0107      . 
.0116      . 
.0121      . 
.0132      . 
.0113 
.Olol 
.0162      . 
.0176      . 
.Ol'K)      . 
.0205 
.021'.>      . 
.  0236 
.(1_'(»0      . 
.02.S1      . 
.0320 
.01 
.0.-J 

.as 

.10 
.13 
.17 

Inch. 
0. 
0. 
0. 

Initial  load. 

I2,(X)0 



13.000 

14,(K)0 

I5,(X)0 
16,  (XX) 

0. 

17.<K)0 

IX.  (XK) 

10.  (XX) 

•20.  (XW 
'21.  (XX) 

0. 

22.  (XX) 

2.3,  (XX) 

21.(XK) 

2.-).  (XX) 
2(».  (XX) 

.(X)l.S 

K  -12.s;{l.(XX 

27. (XX) 

2.S.(XX) 

21>,(XX) 

:«).  o(X) 

32,  (XX) 

.OOJ^) 

31.  (XX) 

:iii.  (XX) 

» 

3S,  (XX) 

40.  (XX) 

12.  (XX) 

42,  SOO 

Tcii.Mlr  sltvt 

0 

.  10 

--1.0  iier  een 

s;{|.(XX)  pounds  iHT  square  inch. 


Elongation  of  inch  sections,  ".OS*,  ".01,  " 

^ol,^ol,'^ol. 

Diameter  at  fracture*  1".08;  area,  .9U)  s(| 
Contraction  of  area,  S.4  per  cent. 
Position  of  fracture,  ".o5  from  the  neck. 
Appearance  of  fracture,  brownish  yellow. 


01,  ".02,    .:)1,  ".02,  ".01, 
uire  inch. 
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BRONZE. 


No.  8243. 
Marks,  G3-HH. 

No.  3  bronze.     Green  sand  casting,  hammered  hot. 
^75  to  1".55  diameter. 
Diameter,  1".129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10". 


Reduced  from 


Applied 

loads  per 

squaro 

inch. 


Pounds. 
1,000 
5,000 
10,000 
11,000 
12,000 
13,000 
14.000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33.000 
M,O0O 
35.000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
5^1,800 
0 


In  gauged  length. 


Elonga- 
tion. 


Remarks. 


Set. 


Inch. 

0. 
.0030 
.0068 
.0074 

Inch. 
0. 
0. 
0. 

.0081 
.0091 
.0100 
.0109 
.0116 
.0123 
.0131 
.0142 

0. 



.0153 
.0164 

.0006 

.0177 

.0190 

.0205 

.0219 
.0232 

.0028 

.0250 

.0278 

.0302 

.0340 
.0368 

.0092 

.0420 

.0472 

.0550 

.0650 

.08 

.10 

.14 

.17 

.22 

.27 

.33 

.0350 

Initial  load. 


£=12,565,000  poundH  jier  square  inch. 


.40 
.48 
.54 


.60 


Tensile  strength. 
=6  per  cent. 


Elongation  of  inch  sections,  ".05,  ".05,  ".05,  ".06,  ".06,  ".05,  ".05, 
".04,  ".07,  ".12*. 

Diameter  at  fracture,  1".06;  area,  .882  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Position  of  fracture,  1"  from  the  neck. 
Appearance  of  fracture,  lavender  and  light  yellow. 
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No.  8244. 
Marks,  C3-HH. 

No.  3  bronze.     Chill  casting,  hammered  hot. 
to  V.o6  diameter. 
Diameter,  I'M 29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Reduced  from  l^'.TS 


Applied 

loaas  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
10,000 
20,000 
21,000 
22,000 
23.000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54.000 
5<),000 
&S,000 
(iO.OOO 
62,000 
64,000 
65,800 
0 


In  gauged  length 


Remarks. 


Inch. 

0. 
.0032 
.0071 
.0079 
.0088 
.0095 
.0102 
.0111 
.0118 
.0127 
.0137 
.0147 
.0155 
.0165 
.0177 
.0189 
.0202 
.0217 
.0229 
.0248 
.0270 
.0298 
.0327 
.0356 
.0405 
.0460 
.0540 
.0620 
.09 
.12 
.17 
.21 
.26 
.31 
.38 
.44 
.50 
.59 
.68 
.78 
.98 

1.18 


Inch. 

0.  Initial  loud. 

.0001  , 

.0003 


.0004 


! I 

.6667  ' 


.0024    .  £-°  12,435.000  pounds  per  square  inch. 


.0325 


Tensile  strength. 
=»  12.3  pt»r  cent. 


Elongation  of  inch  sections,  Ml,  M2,  M2,  M2,  Ml,  MO,  M2, 
''.12,M5,  M6*. 

Diameter  at  fracture,  1^^.02;  area,  .817  square  inch. 
Contraction  of  area,  18.3  per  cent. 
Position  of  fracture,  1^.30  from  the  neck. 
Appearance  of  fracture,  uniform,  brownish  yellow. 
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BRONZE. 

No.  4  Bronze. 


No.  8245. 
Marks,  D4. 

No.  4  bronze.     Dry  sand  casting. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10". 


Applied 

loans  per 

square 

inch. 


Pounds. 

1,000 

2,(K)0 

3,000 

4,(KX) 

5,(X)0 

(i,(KK) 

7,000 

8,  OCX) 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

10.000 

17 ; 000 

I8,(K)0 

19,000 

20,000 

21,000 

22,000 

23,000 

24,000 

25,000 

26,000 

27,000 

28,000 

29,000 

30,000 

31.000 

32,0(K) 

,'«.(K)0 

34,000 

30.000 

i«,(lOO 

38.  two 

0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 
.0008 
.(K)U> 
.0025 

.(xm 

.(X)42 

.(X)50 

.0059 

.00<i8 

.0077 

.  0084 

.0ffl»5 

.0103 

.0112 

.0I2<) 

.Oi;i7 

.0151 

.OKKi 

.0181 

.0200 

.(r217 

.0240 

.  02<i2 

.0291 

.0327 

.03C.0 

.0410 

.04(M 

.0540 

.0<i20 

.07 

.09 

.10 

.12 

.15 

.19 


S('t. 


Remarks. 


Inch. 

0.  Initial  load. 


I  .(K)l() 


.  ()1(K»    I  K -'  ll.(X)9,000  pounds  por  aquan*  inch. 


.29 


Tensile  St  n'lipth. 
-2.9  p<'rt:eiU. 


Elongation  of  inch  sections,  ''.01,  ".02,  ".02,  ".02,  ".02,  ".01,  ".01, 
".01,".16*,  ";oi. 
Diameter  at  fracture,  1".10;  area,  .95  square  inch. 
Contraction  of  area,  5  per  cent. 
Position  of  fracture,  2". 07  from  the  neck. 
Appearance  of  fracture,  lemon  yellow  and  lavender. 
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No.  8246. 
Marks,  G4. 

No.  4  bronze.     Green  sand  casting. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10^ 
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loa<&  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga^ 
tlon. 

Set. 

Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 

Inch. 

0. 

.0009 
.0018 
.0026 
.0033 
.0040 

■.n 

.0067 
.0073 
.0082 

Inch. 

a 

Inltlalload. 

E- 11,215,000  pounds  per  square  inch. 

Tensile  strength. 
=  2  per  cent. 

a 

.6. 

.0091 
.0101 
.0111 



.  0121 
.0130 
.0141 
.0153 
.0169 

.0007 

20,000              .0181 
21,000    !          -0107 

.0021 

22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
32,000 
34,000 
36,000 
38,000 
38,700 
0 

.0215 
.0237 

.0260 

.0288 

.0312 

.0351 

.0401 

.0453 

.0519 

.06 

.09 

.11 

.0074 

.0249 



.15 

.20 

Elongation  of  inch  sections,  ''.10*,  ''.01,  ^01,  ''.02,  ".01,  ".01,  ".01, 
".01,  ".01.  ".01. 

Diameter  at  fracture,  1".09;  area,  .933  square  inch. 

Contraction  of  area,  6.7  per  cent. 

Position  of  fractxu'e,  at  tne  neck. 

Appearance  of  fracture,  lavender  and  lemon  yellow. 

H.  Doc.  26,  59-2 15 
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BB019ZE. 


Marks,  C4. 

No.  4  bronze.     Chill  casting. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10\ 


No.  8247. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion, 

Set. 

Inch. 
0. 

a 
a 

1 
Pounds.    ,       Inch. 
1,000    ,       a 
6,000             .0029 
10,000             .0068 
11,000    1          .0076 
12,000    '          -00S2 

Initial  load. 

E- 13,333,000  pounds  per  square  inch. 

Tensile  strength. 
=9.8  per  cent. 

13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
38,000 
42,000 
46,000 
60,000 
64,000 
68,000 
62,000 
64,000 
66,000 
68,000 
60,600 
0 

.0090 
.0097 
.0103 
.0111 
.0120 
.0128 
.0136 
.0142 
.0161 
.0159 
.0168 
.0175 
.0183 
.0192 
.0203 
.0216 
.0230 
.0242 
.0259 
.0278 
.0300 

a 

0. 

.0003 

.0021 

.0328 
.0355 
.05 
.08 



.0089 



.13 
.21 
.29 

.40 
.64 
.61 
.79 
.87 

.08 

Elongation  of  inch  sections,  ".09,   ".09,   ".10,  ".09,  ".09,  ".09,  ".10, 
.14*,  ".10,  ".09. 
Diameter  at  fracture,  1".04;  area,  .849  square  inch. 
Contraction  of  area,  15.1  per  cent. 
Position  of  fracture,  2".73  from  the  neck. 
Appearance  of  fracture,  light  yellow,  radiating  from  the  center. 
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No.  8248. 
Marks,  D4-H. 

No.  4  bronze.     Dry  sand  casting,  hammered  cold. 
r.75  to  r.71  diameter. 
Diameter,  r.l29. 
Sectional  area,  1  sauare  inch. 
Gauged  length,  10  . 


Reduced  from 


loads  per 
square 
Inch. 

Pounds. 
1,000 
5,000 
10.000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 

a^.ooo 

36,000 
37,000 
38,000 
39,000 
40,000 
44,000 
45,800 
0 

In  gauged  length. 

Elongar 
tion. 

Set. 

Inch, 

0. 
.0030 
.0068 
.0109 
.0116 
.0123 
.0130 
.0137 
.0144 
.0151 
.0159 
.0166 
.0173 
.0181 
.0190 
.0300 
.0209 
.0219 
.0229 
.0237 
.0249 
.0258 
.0270 
.0281 
.0293 
.0308 
.0322 
.0338 
.0363 
.06 

Inch. 

0. 

0. 

a 

0. 

0. 

-.0001 

0. 

.0012 

.0042 

.08 

Remarks. 


Initial  load. 


£—13,187,000  pounds  per  square  inch. 


Tensilp  strength. 
—0.8  per  cent. 


Elongation  of  inch  sections,  '^.Ol,  0*,  0^  0'',  O'',  O'',  0^  ".06*,  ".01,  0". 

Diameter  at  fracture,  1".10;  area,  .95  square  inch. 

Contraction  of  area,  5  per  cent. 

Position  of  fracture,  3   from  the  neck. 

Appearance  of  fracture,  light  yellow  and  lemon  yellow. 
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BRONZK. 


No.  8249. 


Marks,  G4-H. 

No.   4  bronze.     Green  sand 
from  r.75  to  l^.G?  diameter. 
Diameter,  r.l29. 
Sectional  area,  1  sauare  inch. 
Gauged  length,  10  . 


casting,   hammered  cold.     Reduced 


loads  per 
squaro 
inch. 

In  gauged  length. 

Remarks. 

Elongar 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
44,000 
47,100 
0 

Inch. 

0. 
:0032 
.0072 
.0111 
.0120 
.0129 
.0135 
.0142 
.0150 
.0157 
.0165 
.0172 
.0181 
.0190 
.0197 
.0204 
.0212 
.0221 
.0231 
.0239 
.0248 
.0258 
.0267 
.0278 
.0288 
.0298 
.0310 
.0326 
.0340 
.04 

Inch. 

0. 

0. 

0- 

0. 

Initial  load. 

-.0001 

E»  12,632,000  pounds  per  square  Inch. 

Tonsilc  strength. 
=0.7  per  cent. 

■  '  6. 

0. 

.0007 

.0024 

.07 

Elongation  of  inch  sections,  O'',  O'',  0'',  ''.Ol,  ".01,  ^".04*,  ".01, 0",  0",  0" 

Contraction  of  area,  inappreciable. 

Position  of  fracture,  4". 35  from  the  neck. 

Appearance  of  fracture,  lemon  yellow;  in  part  lavender. 
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No.  8250. 
Marks,  C4-H. 

No.    4   bronze.     Chill    casting,    hammered   cold.     Reduced   from 
1".75  to  r.70  diameter. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loaus  per 

square 

inch. 


In  gauged  lengtti. 


Pound*. 
1,000 
",000 


Eionga- 
tion. 


iTiCh. 

0. 
.0028 


Set. 


Inch. 

0. 

0. 


Remarks. 


10,000 
1.^000 
20,000 
25,000 
26.000 
27,000 
28,000 
29.000 
30,000 
31,000 
32,000 
33,000 
34,000 

;«,ooo 

36.000 
37,000 

:«,ooo 

39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46.000 
47,000 
48,000 
49,000 
50,000 
.'>4,000 
58,000 
62,000 
64,000 
66.000 
68,000 
70,000 
72,000 
74,000 
76,000 
77,400 
0 

.0060 

.0098 

.0132 

.0166 

.0172 

.0180 

.0187 

.0193 

.0201 

.0206 

.0214 

.0222 

.0230 

.0238 

.0246 

.0253 

.0261 

.0269 

.0278 

.0289 

.0298 

.0307 

.0318 

.0328 

.0337 

.0349 

.0361 

.0378 

.0390 

.05 

.06 

.07 

.09 

.12 

.15 

.19 

.24 

.31 

.40 

0. 
0. 
0. 
0. 

0. 

0. 





.0001 

.0011 

.0034 



.41 

Initial  load. 


K«  14,458,000  pounds  i)rr  square  Incli. 


Tensile  strength. 
•=4.1  percent. 


Elongation  of  inch  sections,  ^03,  ".07,  M2*,  ^06,  ^04,  ''.OS,  "m, 
.01,/.01, ''.Ol. 
Diameter  at  fracture,  I''. 04;  area,  .849  square  inch. 
Contraction  of  area,  15.1  per  cent. 
Position  of  fracture,  2^.6  from  the  neck. 
Appearance  of  fracture,  fine  granular.     Uniform  light  yellow. 
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BRONZE. 


No.  8251. 
Marks,  D4-An. 

No.  4  bronze.     Dry  sand  casting.     Annealed. 
Diameter,  1".129.  "^ 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

indi. 

In  gauged  lengtli. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22.000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
32,000 
34.000 
36.000 
37,800 
0 

Inch. 

0. 

.0009 
.0018 
.0027 
.0034 
.0043 
.0050 
.0059 
.0066 
.0073 
0081 
.0091 
.0100 
.0109 
.0118 
.0128 

Inch. 
0. 

Initial  load. 

0. 

1 

0. 

.0002 

.0138 

.0149 
.0160 
.0171 
.0183 
.0199 
.0217 
.0236 
.0258 
.0277 
.0310 
.0340 

.0012 

.0050 

E- 11,538,000  pounds  per  square  incli. 

Tensile  strengtli. 
=-1.7  per  cent. 

.0380 

.0427 
.05 
.07 
.09 

.0169 

.17 

Elongation  of  inch  sections,  ''.Ol,  ''.Ol,  O'',  ''.02,  ''.01,  0",  0",  0", 
^02,  MO*. 
Diameter  at  fracture,  I'^.IO;  area,  .95  square  inch. 
Contraction  of  area,  5  per  cent. 
Position  of  fracture,  ''.SO  from  the  neck. 
Appearance  of  fracture,  lavender  and  lemon  yellow. 
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BRONZE. 

No.  8252. 
Marks,  G4-An. 

No.  4  bronze.     Green  sand  casting.     Annealed. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 
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loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
2,000 
3,000 
4.000 
5,000 
6,000 

Inch. 

0. 

.0009 
.0017 
.0026 
.0034 
.0041 

Inch. 
0. 

Initial  load. 

E- 11,163,000  pounds  per  square  inch. 

Tensile  strength. 
-1.3  percent. 

0. 

7,000             .0050 
8,000             .0059 
9.000              .0068 

10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 

.0076 
.0065 
.0093 
.0101 
.0111 
.0120 
.0130 

0. 

.6662 

17,000              .0140 
18,000              .0152 
19,000              .0165 
20,000              .0179 
21,000    '          .0192 

.0017 

22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29.000 
30,000 
32,000 
33,900 
0 

.0211 
.0231 
.0254 
.0279 
.0305 
.0345 
.0390 
.0445 

.0064 

.0500 
.07 

.0224 

"As"" 



Elongation  of  inch  sections,  ".01,  0'',  0'',  ''.Ol,  ''.09*,  O'',  O'',  ''.Ol, 
.01,0". 
Diameter  at  fracture,  1".10;  area,  .95  square  inch. 
Contraction  of  area,  5  per  cent. 
Position  of  fracture,  4".4  from  the  neck. 
Appearance  of  fracture,  lavender  and  lemon  yellow. 
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BRONZE. 


No.  8263. 


Marks,  C4-An. 

No.  4  bronze.     Chill  casting. 

Diameter,  ^.129. 

Sectional  area,  1  sauare  inch. 

Gauged  length,  10  . 


Annealed. 


Applied 

loads  per 

sqaare 

inch. 

In  gauged  lengtti. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
11,000 
12.000 
13,000 
14,000 
15.000 
16.800 
17,000 
18,000 
19,000 
20,000 
21.000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60.000 
52,000 
54,000 
56.000 
58.000 
60.000 
62,000 
63,900 
0 

Inch. 

0. 
.0029 
.0067 

.otr/3 

.0080 
.0088 
.0096 
.0102 
.0110 
.0118 
.0128 

Inch. 
0. 
0. 
.  0. 

Initial  load. 

E»  12,073,000  pounds  per  square  Inch. 

Tensile  strength. 
=8.6  per  cent. 

0. 

.0134 

.0142 
.0151 
.0161 
.0172 
.0185 
.0200 
.0213 
.0231 
.0242 
.0279 
.0300 
.0335 

.0002 

.0015 

.0071 

.0381 

.0432 
.0497 
.0562 
.06 

.0271 

.11 
.14 
.18 
.22 
.26 
.32 
.39 
.46 
.53 
.62 
.70 
.80 

.86 

Elongation  of  inch  sections,  ''.08,  ''.OS,  ''.OQ,  ".U*,  ''.O?,  ''.OQ,  *.08, 
''.OS,  ".08,  ".07. 

Diameter  at  fracture,  1''.04;  area,  .S49  square  inch. 

Contraction  of  area,  15.1  per  cent. 

Position  of  fracture,  S'.SS  from  the  neck. 

Appearance  of  fracture,  light  yellow,  radiating  from  a  small 
(".05  Dy  ".15)  spot  of  light  silvery  metal  at  the  circumference. 
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No.  8254. 
Marks,  D4-HH. 

No.  4  bronze.     Dry  sand  casting,  hammered  hot. 
l^'.ys  to  r.59  diameter. 
Diameter,  r.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Reduced  from 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 

Inch. 

0. 
.0028 
.0063 
.0069 
.0077 
.0083 
.0091 
.0099 
.0107 
.Oll.'i 

Inch. 
0. 
0. 
0. 

Initial  load. 

. 

0. 

18,000              .0123 
19,000              .01.^1 

20,000 
21,000 
22,000 
23,000 
24.000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
62,000 
54,000 
55,100 
0 

.0141 

.0150 

.0160 

.0171 

.0182 

.0197 

.0209 

.0222 

.0240 

.0262 

.0283 

.0309 

.0340 

.0380 

.0422 

.0483 

.07 

.09 

.12 

.16 

.20 

.25 

.29 

.35 

.41 

.0003 

E— 13,408,000  pounds  per  square  Inch. 

1 

Tensile  strength. 
-4.4  percent. 

.0018 

.0058 

.0208 

. 

.44 

Elongation  of  inch  sections,  MO*,  ^04,  ".04,  ^^.04,  \04,  ^03,  ''.03, 
''.04,  ^^.04,  *.04. 

Diameter  at  fracture,  I'^.OG;  area,  .882  square  inch. 

Contraction  of  area,  11.8  per  cent. 

Position  of  fracture,  ".90  from  the  neck. 

Appearance  of  fracture,  lavender,  interspersed  with  lemon  yellow 
colored  metal. 
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BRONZE. 


No.  8255. 
Marks,  G4-HH. 

No.  4  bronze.     Green  sand  casting,  hammered  hot.     Reduced  from 
^75  to  r.59  diameter. 
Diameter,  r.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10^ 


Applied 

loaas  per 

square 

inch. 

Pounds. 
1,000 
5,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20.000 
21,000 
22.000 
23,000 
24,000 
25.000 
26,000 
27,000 
28.000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35.000 
1        38,000 

In  gauged  length. 

Remarks. 

1 

Elonga- 
tion. 

Inch. 

0. 
.0029 
.0066 
.0073 
.0080 
.0087 
.0095 
.0101 
.0110 
.0119 
.0128 
.0137 
.0147 
.0156 
.0165 
.0178 
.0190 
.U2U2 
.0218 
.0237 
.0256 
.0281 
.0308 
.0335 
.0378 
.0428 
.0480 
.0550 
.08 
.11 
.14 
.18 
.23 
.29 
.34 
.40 

Set. 

Inch. 
0. 
0. 
.0001 

Initial  load. 

E- 13,550,000  pounds  per  square  Inch. 

Tensile  strength. 
-4.3  per  cent. 

.0001 

.0008 

.0025 

.0080 

.0271 

40,000 

42.000 
44,000 
46,000 
48.000 
50,000 
52,000 
53,100 
0 

.43 

Elongation  of  inch  sections,  ''.04,  ^^.04,  ''.ll*,  ^05,  ''.03,  ".03,  \03, 
.03,  ^04,  ^^.03. 
Diameter  at  fracture,  I''. 08;  area,  .916  square  inch. 
Contraction  of  area,  8.4  per  cent. 
Position  of  fracture,  3^^.15  from  the  neck. 
Appearance  of  fracture,  brownish  yellow. 
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BRONZE. 

No.  8256. 
Marks,  C4-HH. 

No.  4  bronze.     Chill  casting,  hammered  hot. 
to  V.54i  diameter. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 
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Reduced  from  V.75 


AppUed 

loads  per 

aquare 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
16,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
26,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60.000 
52,000 
64,000 
66,000 
68,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
72.900 
0 

Inch. 

0. 

.0025 
.0068 
.0100 
.0108 
.0116 
.0123 
.0130 
.0138 
.0147 
.0166 
.0166 
.0177 
.0190 
.0202 
.0214 
.0230 
.0264 
.0279 
.0302 
.0337 
.0372 
.0420 
.0480 
.07 
.10 
.13 
.17 
.21 
.26 
.31 
.36 
.43 
.50 
.58 
.66 
.79 
.94 

Inch. 

0. 

0. 

0. 

0. 

Initial  load.     - 

E-*  13,408,000  pounds  p^r  square  inch. 

Tensile  strength. 
- 16.2  per  cent. 

.0001 

.0011 

.0051 

.0210 



1.07 
1.21 
1.39 
1.60 

1.62 

Elongation  of  inch  sections,  ''.15,  \l(y,  \15,  ''.15,  ''.15,  ^21*,  ".17, 
.16,M7,  M5. 
Diameter  at  fracture,  ".99;  area,  .77  square  inch. 
Contraction  of  area,  23  per  cent. 
Position  of  fracture,  5". 25  from  the  neck. 
Appearance  of  fracture,  fine  granular.     Uniform  light  yellow. 
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BRONZE. 
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BRONZE. 


COMPRESSION  TESTS  OF  BRONZE  CAST  AT  WATERTOWN  ARSENAL 

FO  UNDR  Y. 

Specimens  turned  down  from  cast  bars  2"  diameter. 

No.  2  Bronze. 

No.  1216. 
Marks,  D2. 

No.  2  bronze.     Dry  sand  casting. 
Length  of  specimen,  12^^. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Compres- 
sion. 

Set. 

Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
18,200 

Inch. 

0. 
.0008 
.0018 
.0026 
.0031 
.0040 
.0051 
.0059 
.0070 
.0080 
.0095 
.0110 
.0139 
.0175 
.0262 
.0390 

Inch. 
0. 

Initial  load. 

0. 

.0009 

.0147 

. 

Ultimate  strength. 

Failed  by  triple  flexure. 
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No.  1217. 
Marks,  G2. 

No.  2  bronze.     Green  sand  casting. 
Length  of  specimen,  12^^. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


loads  per 
square 
inch. 

In  gauged  length. 

Remarlcs. 

Compres- 
sion. 

Set. 

Pounds. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

18,500 

Inch. 

0. 
.0006 
.0016 
.0023 
.0031 
.0040 
.0050 
.0059 
.0068 
.0078 
.0093 
.0105 
.0128 
.0169 

Inch. 
0. 

Initial  load. 

1 

Ultimate  strength. 



0. 

.0006 

.0240 

.0125 

i 

Failed  by  triple  flexure. 


No.  1218. 


Marks,  C2. 

No.  2  bronze.     Chill  casting. 

Length  of  specimen,  12^^. 

Diameter,  r.l29. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


1 

'    Applied 
loads  per 
'     square 
inch. 

In  gauged  length. 

Remarlcs. 

J 

Compres- 
sion. 

Set. 

Inch. 
0. 

Pounds.    1      Inch. 
1,000           0. 
2,000              .0008 

1 
Initial  load. 

t 

3,000              .0013 

4,000    '          .0020 

5,000              .0026 
6,000              .0032 

0. 

7,000    ,          .0039 

8,000              .0048 

9,000              .0053 

10,000              .0060 
11,000              .0069 

.0001 

12,000    1          .0074 
13,000              .0081 
14,000    ,          .0090 
15,000              .0100 
16,000    '          .0110 
17,000    :          .0127 
18,000              .0148 

.0006 

^ 

Ultimate  strength. 

19,000 
20,000 
26,900 

.0172 
.0219 

.0090 

Failed  by  triple  flexure. 
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BBONZB. 

No.  3  Bronze. 


No.  1219. 
Marks,  D3. 

No.  3  bronze.     Dry  sand  casting. 
Length  of  specimen,  12^^. 
Diameter,  1".129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 

Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
30,200 

In  gauged  length. 

Compres- 
sion. 

Inch. 

0. 

.0006 
.0018 
.0026 
.0031 
.0040 
.0049 
.0056 
.0067 
.0077 
.0088 

Set. 

Inch. 
0. 

Reinarlts. 

Initial  load. 

0. 

.0005 

.0097 

.0100 
.0122 
.0139 
.0154 
.0177 
.0200 
.0230 
.0263 

.0024 

.0098 

Ultimate  strength. 

Failed  by  triple  flexure. 
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No.  1220. 
Marks,  G3. 

No.  3  bronze.     Green  sand  casting. 
Length  of  specimen,  12^^. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

lotufsper 

square 

Inch. 


Poundi. 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

24,000 

25.000 

31,100 


In  gauge 

Comppes- 
sion. 

id  length. 
Set. 

Remarks. 

Inch. 
0. 
.0006 

Inch. 
0. 

Initial  load. 

.0017 

.0024 

.0031 
.0041 

.0001 

.0050 

.0058 

.0068 

.0075 
.0084 

.0002 

.0092 

* 

.0100 

1 

.0111 

Ultimate  strength 

.0121 
.0133 

.0008 

.0148 

.0160 

.0177 

.0198 
.0218 

.0037 

.0241 

.0274 

.0310 

.0352 

.0141 

Failed  by  triple  flexure. 
H.  Doc.  26,  59-2 16 
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BRONZE. 


No.  1221. 
Marks,  C3. 

No.  3  bronze.     Chill  casting. 
Length  of  specimen,  12^^. 
Diameter,  I''. 129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


AppUed 

loans  per 

square 

inch. 

Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
36,400 

In  gauged  length. 

Remarks. 

Compies- 
slon. 

Set. 

Inch. 

0. 

.0007 
.0014 
.0020 
.0028 
.0036 
.0042 

Inch. 

a 

Initialload. 
Ultimate  strength. 

a 

.0050 
.0057 

.0063 
.0070 
.0079 
.0086 
.0094 
.0101 
.0109 
.0118 
.0124 
.0133 
.0143 
.0151 
.0162 
.0174 
.0190 
.0208 
.0225 
.0262 
.0283 
.0321 
.0370 

.0001 

.0001 

.0006 

.0029 

.0146 

Failed  by  triple  flexure. 
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BBONZE. 

No.  4  Bronze. 

No.  1222. 
Marks,  D4. 

No.  4  bronze.     Dry  sand  casting. 
Length  of  specimen,  12''. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 
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loaosper 
square 
Inch. 

In  gauged  length. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 
1,000 
2.000 

Inch. 

a 

.0000 

Inch. 

a 

Initial  load. 

3,000             .0016 

4,000    i         .0022 

5,000             .0030 
6,000              .0038 

.0001 

7,000    ,         .0047 
8,000             .0054 
9,000              .0061 
10,000,          .0070 
11,000             .0080 
12,000    ,         .0068 
13,000    1         .0097 
14,000    1         .0106 
15.000    i         .0118 
16,000    1         .0128 
17,000    ,         .0140 
18,000    1         .0151 
19,000    1         .0160 
20,000    ,         .0182 
21,000    '         .0200 

.0003 

.0009 

.0030 

22,000    !         .0224 

23io66             .0250 

24,000              •02»2 

25,000 
31,300 

.0320 

.0118 

Ultimate  strength. 

Failed  by  triple  flexure. 
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BRONZE. 


No.  1223. 
Marks,  G4.  . 

No.  4  bronze.     Green  sand  casting. 
Length  of  specimen,  12". 
Diameter,  1^.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10". 


Applied 

loads  per 

square 

Inch. 


Pounds. 

1,000 

2,000 

3,000 

4,000 

5,000 

6.000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18: 000 

19,000 

20.000 

21,000 

22,000 

23,000 

24,000 

25,000 

33,700 


Id  gauged  length. 


Compres- 
sion. 


Inch. 

a 

.0009 
.0016 
.0022 
.0029 
.0037 
.0046 
.0052 
.0060 
.0060 
.0078 
.0085 
.0093 
.0102 
.0111 
.0121 
.0131 
.0142 
.0155 
.0168 
.0185 
.0202 
.0226 
.0252 
.0286 


Set. 


Inch. 
0. 


Rcmarlcs. 


Initial  load. 


.0003 


.0001) 


.0020 


.0088    I 


Ultimate  strength. 


Failed  by  triple  flexiu-e. 


Digitized  by  VjOOQ IC 


BRONZE. 


345 


No.  1224. 


Marks,  C4. 

No.  4  bronze.     Chill  casting. 

Length  of  specimen,  12''. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


loa<^per 
square 
inch. 

In  gauged  length. 

Remarks. 

Compres- 
sion. 

Set. 

Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 

Inch. 

a 

.0007 
.0014 
.0020 
.0027 
.0035 
.0042 
.0049 
.0056 
.0062 
.0070 
.0078 
.nnR4 

Inch. 
0. 

Initial  load. 

0. 

a 

14,000    ,         .0090 
15,000    '         .0099 
16,000    1         .0107 
17,000             .0115 
18,000             .0121 
19,000              -0129 

a 

20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
39,500 

.0135 
.0144 
.0161 
.0160 
.0171 
.0181 
.0196 
.0208 
.0220 
.0247 
.0271 
.0300 
.0342 
.0386 
.0440 
.0507 

.0002 

.0010 

.0060 

.0251 

Ultimate  strength. 

Failed  by  triple  flexure. 
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BRONZE. 


TABULATION  OF    COMPRESSION    SPECIMENS,    BRONZE    CAST    AT 
WA  TER  TO  WN  ARSENAL  FO  UNDR  Y. 

No.  2  Bronze. 


No.  of 
test. 


Marks. 


Treatment. 


1216 
1217 
1218 


D2  I  Dry-sand  citing.. 
02  '  Qreen-sana  casting 
C2    I  Chill  casting 


Com- 
pressive 
strength 

per 
square 

inch. 


Pound*, 

18,200 
18,500 
25,900 


Manner  of  failure. 


By  triple  flexure. 
Do. 
Do. 


No.  3  BB0N2S. 


1219 
1220 
1221 


D3 
03 
C3 


Dry-sand  casting . . 
Green-sand  casting 
ChlU  casting 


30,200 
31,100 
36,400 


By  triple  flexure. 
Do. 
Do. 


No.  4  Bronze. 


1222 
1223 
1224 


D4 
04 
C4 


Dry-sand  casting. . 
Green-sand  casting 
Chill  casting 


31,300 
33,700 
39,500 


By  triple  flexure. 
Do. 
Do. 
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TESTS  OF  HARDENED  STEEL  BALLS  ON  TRACK  PLATES  OF 
DIFFERENT  METALS. 

Pressures  applied  to  the  balls  placed  between  ground  track  plates. 
Balls  spaced  1'^  apart. 


Diameter 

Number 

of  baJlB. 

of  balls. 

IneJiefi. 

3 

3 

3 

3 

2 

3 

2 

3 

3 

3 

3 

3 

2 

3 

2 

3 

3 

3 

3 

3 

2 

3 

2 

3 

3 

3 

3 

3 

2 

3 

2 

3 

Kind  of  track  plates. 


Pounds. 

No.  3  steel,  oil  tempered  and  amiealed 6,000 

do 9,000 

do 6,000 

do 9,000 

Tool  steel 6,000 

do 9,000 

do 6,000 

do 9,000 

Cast  iron  No.  2 6,000 

do 9,000 

do 6,000 

do 9,000 

Manganese  steel 6,000 

do !  9,000 

do i  6,000 

do 9,000 


Applied  loads. 


Total.      Per  ball. 


Pounds. 
2,000 
3,000 
2,000 
3,000 
2,000 
3,000 
2,000 
3,000 
2,000 
3,000 
2,000 
3,000 
2,000 
3,000 
2,000 
3,000 


Diameter 

across  each 

indentation 

in  track 

plate. 


Inch. 
0.12 
.14 
.09 
.12 
.10 
.12 
.10 
.12 
.12 
.14 
.12 
.14 
.11 
.13 
.10 
.15 


TESTS  OF  HARDENED  STEEL  BALLS  ON  TRACK  PLATE  OF  NO.  3 
STEEL,  OIL  TEMPERED  AND  ANNEALED. 

Seat  on  track  plate  grooved  to  a  radius  of  S''. 


Applied  loads. 

Diameter 

Number 
of  baUs. 

Diameter  across  each  indentation  in  track  plate. 

of  balls. 

Total. 

Per  ball. 

Inches. 

Pounds. 

Pounds. 

3 

3 

6,000 

2,000 

Indentation  pepoeptible  with  each  load.    Under  6,000 
pounds  (2,000  pounds  per  ball)  the  indented  surface 
measured  about  ".10  X  ".16. 

3 

3 

9,000 

3,000 

At  3,000  i>oimds  pressure  por  ball  the  disturbed  metal 
measured  about  ".13  X  ''.18. 

2 

3 

6,000 

2,000 

Indentation,  ".10  X  ".13. 

2 

3 

9,000 

3,000 

Indentation,  about  ".13  X  ".15. 

2 

1,500 

1,500 

Indentation,  ".08  X  ".11. 

2 

1,000 

1,000 

Indentation,  ".07  X  ".09. 

2 

500 

500 

Indentation,  ".04  X  ".05. 

2 
2 
2 

300 
400 
500 

300 
400 
500 

Indentation  faintly  perceptible. 

Do. 
Indentation,  ".04  X  ".06. 

2 

600 

600 

Indentation,  about  ".04  X  ".05. 
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HARDENED   STEEL    BALLS    ON    TBACK    PLATES. 


Series  of  Loadings  on  Flat  Surface  of  Traok  Plate,  with 

ONE  2-INCH  Ball. 


AppUed 
loads   per 

Diameter  across 

Indentation    In 

baU. 

track  plate. 

Pounds. 

Inch. 

200 
300 

Imperceptible. 
Perceptible. 

400 

Do. 

600 

0.04 

600 

.06 

700 

.06 

800 

.07 

900 

.08 

1.000 

.09 

1,200 

.09 

1,400 

.10 

1,600 

.10 

1,800 

.10 

2,000 

.11 

2,200 

.11 

2,400 

.12 

2,600 

.12 

2,800 

.12 

3,000 

.12 

3,500 

.14 

4,000 

.16 

4,500 

.15 

5,000 

.16 

Results  of  Loading  same  Track  Plate  as  above,  with  Balls 
of  Different  Diameters. 

[Tests  made  by  loading  balls  one  at  a  time.] 


Diameter  across 

indentation  with 

ball  of— 

Applied 
loads. 

[ 

3"  diameter. 

ly  diameter. 

Ptmnda. 

Inch. 

Inch. 

100 
200 
300 

Imperceptible 

do  

Imperceptible. 
Do. 

do 

Perceptible. 
Do. 

400 

Perceptible 

500 
600 
700 
800 
900 
1,000 

do 

Do. 

.  ..do 

Do. 

Do. 

0.05 
.05 
.06 

do 

do 

do .. 

0.04 

1,100 

.04 

1,200 

.06 

.07 

1,400 

.09 

.08 

1,600 

.10 

.09 

2',  000 

.11 
.11 

.10 
.10 

2,200 

.12 

2,400 

.12 

.11 

2,600 

.13 

2.800 

.13 

.12 

3,000 

.14 

.12 

3,500 

.14 

.13 

4,000 

.15 

.13 

4,500 

.16 

.14 

5,000 

.17 

.14 

Same  ongro 

oved  surface  of  3"  r 

tdlus  of  cnrvatarc. 

Imperceptible. 

1,000 

Barely  perceptible. 

1,500 

.08  X  .13 

2,000 

.  10  X  .  16 

3,000 

.12X.17 

4,000 

.13X.20 

6,000 

.MX. 23 
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Mean  compression  of  10  cylinders  from  Frankford  Arsenal. 
Metal  purchased  May,  1901.     Metal  annealed  April  15,  1905. 
Table  for  use  with  crusher  gauge  one-thirtieth  square  inch  area. 
Mean  dimensions  of  cylinders:   Length,  0''.5002;  diameter,  0^.2057. 


Load  per 

Total  compressions. 

square 
Inch  on 

Mean 

one-thir- 
tieth 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Mean. 

cor- 
rected 
sets. 

square 
inch. 

Pounds. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

3,000 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

6,000 

.0002 

.0002 

.0003 

.0003 

.0001 

.0001 

.0005 

.0002 

.0004 

.0004 

.0003 

.0001 

9,000 

.0008 

.0009 

.0016 

.0015 

.0002 

.0009 

.0011 

.0007 

.0010 

.0014 

.0010 

.0005 

10,000 

.0018 

.0015 

.0021 

.0024 

.0003 

.0020 

.0020 

.0010 

.0014 

.0027 

.0017 

.0011 

n,ooo 

.0032 

.0026 

.0033 

.0044 

.0008 

.0036 

.0033 

.0020 

.0026 

.0043 

.0030 

.0024 

12,000 

.0049 

.0014 

.0050 

.0062 

.0027 

.0050 

.0047 

.0037 

.0039 

.0052 

.0046 

.0039 

13,000 

.0063 

.0055 

.0070 

.0074 

.0011 

.0071 

.0064 

.0054 

.0049 

.0069 

.0061 

.0053 

14,000 

.0077 

.0077 

.OOStt 

.0089 

.0060 

.0082 

.0080 

.0067 

.0067 

.0089 

.0077 

.0068 

15,000 

.0089 

.0091 

.0103 

.0109 

.0077 

.0105 

.0104 

.0083 

.0080 

.0100 

.0094 

.0084 

16,000 

.0110 

.0107 

.0120 

.0128 

.0090 

.0120 

.0118 

.0097 

.0096 

.0119 

.0111 

.0100 

17,000 

.0125 

.0125 

.0139 

.0115 

.0109 

.0138 

.0133 

.0115 

.0116 

.0138 

.0128 

.0117 

18,000 

.0143 

.0144 

.01.% 

.0162 

.om 

.0155 

.0152 

.0135 

.0134 

.0158 

.0146 

.0135 

19,000 

.0161 

.0162 

.0177 

.0187 

.0147 

.0170 

.0170 

.0151 

.0153 

.0179 

.0166 

.0155 

20,000 

.0179 

.0184 

.0197 

.0201 

.0165 

.0189 

.0197 

.0170 

.0170 

.0193 

.0186 

.0174 

21,000 

.0202 

.0200 

.0219 

.0225 

.018-1 

.0211 

.0211 

.0190 

.0192 

.0214 

.0205 

.0194 

22,000 

.0218 

.0220 

.023.5 

.0215 

.020.-) 

.0230 

.0229 

.0209 

-.0208 

.0235 

.0223 

.0212 

23,000 

.0237 

.0240 

.0252 

.0266 

.0222 

.0253 

.0256 

.0227 

.0230 

.0252 

.0244 

.0233 

24,000 

.0260 

.0259 

.0274 

.0291 

.0214 

.0274 

.0279 

.0247 

.0249 

.0276 

.0265 

.0253 

25,000 

.0280 

.0281 

.0293 

.0312 

.0262 

.0290 

.0296 

.0270 

.0270 

.0297 

.0285 

.0273 

26,000 

.0300 

.0301 

.0314 

.0330 

.028^1 

.0310 

.0315 

.0289 

.0287 

.0318 

.0305 

.0293 

27,000 

.0319 

.0323 

.0340 

.0352 

.0310 

.0335 

.0336 

.0308 

.0309 

.0336 

.0327 

.0315 

28,000 

.0342 

.0344 

.0363 

.0371 

.0328 

.0354 

.0360 

.0335 

.0330 

.0357 

.0348 

.0336 

29,000 

.0363 

.036.-) 

.0381 

.0395 

.0350 

.0376 

.0386 

.0352 

.0358 

.0391 

.0372 

.0360 

30,000 

.0387 

.0389 

.0406 

.0415 

.0379 

.0405 

.0100 

.0372 

.0375 

.0402 

.0393 

.0381 

31,000 

.0405 

.0410 

.0425 

.0444 

.0400 

.0123 

.0427 

.0398 

.0398 

.0129 

.0416 

.0404 

32,000 

.0429 

.0137 

.0444 

.0162 

.0423 

.0452 

.0149 

.0416 

.0423 

.0450 

.0439 

.0427 

33,000 

.0450 

.0152 

.0470 

.0486 

.0443 

.0471 

.0169 

.0140 

.0444 

.0473 

.0160 

.0448 

34,000 

.0476 

.0178 

.0495 

.0506 

.0166 

.0493 

.0193 

.0464 

.0165 

.0505 

.0484 

.0472 

35.000 

.0497 

.a%o 

.0520 

.0538 

.0482 

.0')24 

.0517 

.0484 

.0490 

.0521 

.0507 

.0493 

36,000 

.0519 

.0)23 

.0:)39 

.0353 

.0512 

.0>43 

.0:)44 

.0507 

.0510 

.0542 

.0529 

.0516 

37,000 

.0541 

.0549 

.0557 

.0581 

.0536 

.0573 

.0:)67 

.0527 

.0540 

.0567 

.0554 

.0540 

38,000 

.a%5 

.0570 

.0590 

.0601 

.0555 

.oeo-i 

.0.389 

.05.56 

.0568 

.0595 

.0580 

.0566 

39,000 

.0587 

.a=>89 

.0611 

.0625 

.0579 

.0622 

.0615 

.0380 

.0588 

.0617 

.0601 

.0587 

•40,000 

.0611 

.0615 

.0634 

.0655 

.0603 

.0641 

.0642 

.0606 

.0609 

.0642 

.0626 

.0612 

41,000 

.0634 

.0634 

.06,')7 

.0675 

.0637 

.0675 

.0667 

.0633 

.0630 

.0668 

.0651 

.0637 

42.000 

.0656 

.0663 

.0675 

.0710 

.OG-W 

.0698 

.0690 

.0666 

.0658 

.0690 

.0676 

.0662 

43,000 

.0685 

.0688 

.0710 

.0731 

.0082 

.0723 

.0719 

.0678 

.0685 

.0722 

.0702 

.0688 

44,000 

.0724 

.0709 

.0730 

.0758 

.0705 

.0746 

.0739 

.0701 

.0710 

.0742 

.0726 

.0712 

45,000 

.0734 

.0740 

.07.W 

.0779 

.0729 

.0763 

.0765 

.0728 

.0733 

.0768 

.0749 

.0735 

46,000 

.0748 

.0760 

.0774 

.0806 

.0757 

.0789 

.oim 

.0750 

.07.58 

.0790 

.0773 

.0759 

47,000 

.0778 

.0780 

.0800 

.0820 

.0789 

.0816 

.0819 

.0788 

.0789 

.0825 

.0803 

.0789 

48,000 

.0808 

.  0815 

.(mi 

.08;)8 

.0805 

.0840 

.OS40 

.0811 

.0817 

.0841 

.0827 

.0813 

49,000 

.0839 

.as:w 

.osrs 

.0881 

.0829 

.0864 

.0808 

.0829 

.0837 

.0873 

.0851 

.0837 

50,000 

.aS62 

.  OSCuy 

.0886 

.0900 

.0858 

.0890 

.0808 

.08,50 

.0868 

.0894 

.0877 

.0863 

51,000 

.0883 

.08S> 

.0912 

.0931 

.0890 

.0935 

.0928 

.0871 

.0881 

.0920 

.0904 

.0890 

52,000 

.0901 

.0921 

.OiMl 

.0972 

.0909 

.0963 

.0919 

.0905 

.0921 

.0951 

.0934 

.0920 

53,000 

.0937 

.0915 

.096^1 

.0988 

.0916 

.0976 

.0979 

.0930 

.0950 

.0972 

.0959 

.0945 

64,000 

.0966 

.0970 

.1002 

.1012 

.0970 

.0998 

.1007 

.om 

.0972 

.1002 

.0986 

.0972 

55,000 

.0982 

.0990 

.1026 

.1043 

.09W 

.1043 

.1031 

.0997 

.1001 

.1027 

.1013 

.0999 

56,000 

.1005 

.  102.') 

.1058 

.1075 

.1018 

.1066 

.1036 

.1015 

.1023 

.1056 

.1040 

.1027 

57,000 

.1023 

.1044 

.1080 

.1098 

.1045 

.1090 

.1079 

.1043 

.1059 

.1081 

.1064 

.1051 

58,000 

.1054 

.1078 

.1122 

.1130 

.1075 

.1128 

.1111 

.1068 

.1090 

.1123 

.1098 

.1085 

59,000 

.1075 

.1104 

.  1146 

.1170 

.1100 

.  1151 

.1141 

.1096 

.1118 

.1146 

.1125 

.1112 

60,000 

.1112 

.1134 

.1174 

.1202  1 

.1128 

.1178 

.1169 

.1122 

.1144 

.1167 

.1153 

.1140 

62,000 

.1168 

.1194 

.1245 

.  1258  1 

.lis.") 

.1223 

AZIO 

.1184 

.1210 

.1225 

.1212 

.1199 

(M,000 

.1220 

.1236 

.1325 

.1328 

.1230 

.1270 

.1274 

.1239 

.1279 

.1276 

.1267 

.1254 

66,000 

.1274 

.1281 

.1428 

.1415 

.1287 

.1310 

.1329 

.1290 

.1381 

.1337 

.1334 

.1322 

68,000 

.1325 

.1340 

.1508 

.1490 

.1345 

.1385 

.1381 

.1334 

.1465 

.1378 

.1395 

.1382 

70,000 

.1377 

.1390 

.1638 

.1595  1 

.1391 

.1429 

.1435 

.1386 

.1565 

.1422 

.1463 

.1461 
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COPPER  CYLINDERS    FOR   PRESSCBE    GAOOE8. 


Load  per 
square 
inch  oa 
one-thir- 
tieth 
square 
inch. 

Total  compresaioos. 

Mean 
cor- 
rected 
seu. 

1. 

2. 

3. 

4. 

5 

6. 

7. 

8. 

9. 

10. 

Moan. 

Pounds. 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
94,000 
96,000 
98,000 
100,000 

Inch. 
0.1429 
.1484 
.1538 
.1588 
.1641 
.1690 
.1747 
.1800 
.1848 
.1898 
.1944 
.1986 
.2033 
.2078 
.2129 

Inch. 
0. 1442 
.1492 
.1530 
.1576 
.1626 
.1676 
.1724 
.1770 
.1824 
.1880 
.1939 
.1989 
.2046 
.2093 
.2140 

Inch. 
0.1768 
.1920 
.2053 
.2180 
.2285 
.2400 

Inch. 
0.1700 
.1782 
.1900 
.2017 
.2150 
.2232 
.2324 
.2382 
.2458 

Inch. 
0. 1457 
.1502 
.1560 
.1605 
.1662 
.1704 
.1765 
.1814 
.1855 
.1902 
.1950 
.1992 
.2040 
.2090 
.2138 

Inch. 
0.1480 
.1546 
.1595 
.1681 
.1791 
.1855 
.1936 
.2025 
.2090 
.2170 

Inch. 
0.1484 
.1529 
.1579 
.1650 
.1730 
.1789 
.1865 
.1942 
.2010 
.2080 

Inch. 
0.1442 
.1500 
.1555 
.1625 
.1706 
.1773 
.1860 
.1946 
.2016 
.2090 
.2165 
.2246 
.2305 
.2367 
.2417 

Inch. 
0.1690 
.1769 
.1978 
.2115 
.2228 
.2320 
.2400 
.2467 

Indi. 
0. 1476 
.1520 
.1560 
.1631 
.1685 
.1728 
.1785 
.1840 
.1909 
.1956 

Inch. 
0.1450 
.1501 
.1562 
.1608 
.1673 
.1728 
.1792 
.1854 
.1911 
.1970 

Inch. 
a.  1438 
«.1489 
a.  1540 
0.1506 
0.1661 
a.  1714 
a.  1782 
a.  1844 
O.1901 
a.lQAn 

.2250     .2160 
.2300  1  .2225 
.2360     .2282 
.2422  1  .2340 
.  2456     .  2390 

.2017 

.2032  0.2023 

.2080 
.2138 
.2192 
.2242 

.2088  «.2079 
.2141    a.  21.12 

1 

.2194 
.2243 

«.2ia5 
a.  2234 

1  

1 

a  From  72,000  pounds  to  100,000  pounds,  inclusive,  the  mean  of  5  cylinders  only  is  given— Nos.  1, 2,  5, 
7,  and  8. 
Nos.  3,  4,  and  9  toolc  an  oblique  direction  at  64,000  pounds. 
Nos.  6  and  10  tooic  an  oblique  direction  at  68,000  pounds. 
Nos.  2,  7,  and  8  were  sllRhtly  oblique  after  100,000  pounds. 
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Initial  compression  of  15  series  of  coppers  from  the  same  lot  as  those 
used  in  the  preceding  tarage  table. 

-The  cylinders   were   loaded   once   each   by  a   load   immediately 
advancea  to  the  prescribed  limit  and  then  promptly  released. 

[Cylinders  loaded  with  1,000  pounds^- 30,000  pounds  per  sqoaie  inch.] 


Initial 

Final 

Differ- 

height. 

height. 

ence. 

Inch. 

Inch. 

Inch. 

.5002 

.4642 

.0360 

.5003 

.4635 

.0368 

.5004 

.4637 

.0367 

.5004 

.4625 

.0379 

.5001 

.4621 

.0380 

Mean  difference 

.0371 

[Cylinders  loaded  with  1,167  pounds^  35,000  pounds  per  square  Inoh.] 


.5002 

.4506 

.0496 

.5003 

.4605 

.0498 

.6002 

.4S05 

.0497 

.5002 

.4613 

.0480 

.5003 

.4522 

.0481 

Mean  difference 

.0492 

[Cylinders  loaded  with  1,333  pounds- 40,000  pounds  per  square  inch.] 


.5007 
.5005 
.5007 
.5005 
.5003 

Mean  diflc 

.4397 
.4415 
.4407 
.4304 
.4301 

>renoe 

.0610 
.0690 
.0600 
.0611 
.0612 

.0005 

[Cylinders  loaded  with  1,500  pounds— 45,000  pounds  per  square  Inch.] 


.5004 

.4285 

0719 

.5004 

.4300 

0704 

.6003 

.4304 

0099 

.5003 

.4283 

0720 

.5006 

.4290 

.0712 

Mean  diflc 

)rence 

.0711 

[Cylinders  loaded  with  1,667  poands«50,00U  pounds  per  square  Inch.] 


.5002 

.4166 

.0636 

.5004 

.4145 

.0860 

.6004 

.4136 

.0868 

.5003 

.      .4166 

.0838 

.5004 

.4186 

.0818 

Mean  diffc 

irenoe 

.0644 

[Cylinders  loaded  with  1,833  pound8c-55,000  pounds  per  square  inch.] 


.5004 

.4074 

.0090 

.6003 

.4044 

.0060 

.6004 

4042 

.0962 

.6006 

.4016 

.0980 

.6007 

.4056 

.0051 

Mean  diflc 

jrenoe 

.0956 
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[Cylinders  loaded  with  2,000  pounds- 60,000  pounds  per  square  intih.] 


Initial 

Final 

Differ- 

height 

height. 

ence. 

Inch. 

Inch. 

Inch. 

.5003 

.3890 

.1113 

.5005 

.3926 

.1079 

.5002 

.3896 

.1106 

.5004 

.3912 

.1092 

.5005 

.3902 

.1103 

Mean  dlflerenoe 

.1099 

[Cylinders  loaded  with  2,167  pounds— 65,000  pounds  per  square  Inch.] 


.6004 

.3764 

.5004 

.3762 

.5003 

.3800 

.6003 

.3766 

.6004 

.3742 

Mean  ditic 

jrepce 

.1250 
.1242 
.1203 
.1237 
.1262 


.1239 


[Cylinders  loaded  with  2,333  pounds— 70,000  pounds  per  square  inch.] 


.6003 

.3620 

.1383 

.6004 

.3641 

.1363 

.5005 

.3643 

.1362 

.5001 

.3629 

.1372 

.5003 

.3623 

.1380 

Mean  difference 

.1372 

[Cylinders  loaded  with  2,500  pounds— 75,000  pounds  per  square  inch.] 


.5002 

.3483 

.1519 

.5003 

.3487 

.1516 

.5004 

.3529 

.1475 

.5003 

.3513 

.1490 

.5004    '          .3519 
Mean  difference 

.1485 

.i«r 

[Cylinders  loaded  with  2,667  pounds— 80,000  pounds  per  square  inch.] 


.1660 
.1572 
.1617 
.1611 
.1507 


.5005 

.3345 

.6004 

.3432 

.5003 

.3386 

.6005 

.3394 

.5001 

.3404 

Mean  difference .  1611 

[Cylinders  loaded  with  2,833  pounds- 85,000  pounds  per  square  inch.] 


.6003 

.3291 

.1712 

.5006 

.3244 

.1762 

.6005 

.3243 

.1762 

.6003 

.3267 

.1736 

.6003 
Meandiffc 

.3266 
>renoe 

.1737 

.1742 
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[CyUndera  loaded  with  3,000  pounds—90,000  pounds  per  squave  inch.] 


Initial 

Final 

Differ-. 

height. 

height. 

enoe. 

Inch. 

Inch. 

Inch. 

.0003 

.3142 

.1861 

.5004 

.3136 

.1868 

.5004 

.3127 

.1877 

.5003 

.3163 

.1840 

.5003              .3123 
Mean  diflerenoe 

.1880 

.1865 

[Cylinders  loaded  with  3,167  iK>ond8— 05,000  pounds  per  square  Inch.l 


.5004 

.3026 

.1978 

.5004 

.3034 

.1970 

.5002 

.3063 

.1938 

.5002 

.3022 

.1980 

.5003 

.3066 

.1937 

Mean  diflerenoe 

.1961 

267 


[Cylinders  loaded  with  3,333  pounds— 100,000  pounds  per  square  inch.] 


.6004 

.2873 

.2131 

.5004 

.2878 

.2128 

.6003 

.2906 

.2097 

.5003 

.2890 

.2113 

.6003 

.2933 

.2070 

Mean  diflc 

jrenoe 

.2107 

H.  Doc.  26,  59-2 ^^17 
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COPPER   CYLINDERS   FOR   PRESSURE    GAUGES. 


Examination  of  Copper  Cylinders  for  ^  Square  Inch  Pressure 

Gauge. 

Lot  of  100  uncompressed  cylinders,  and  100  which  were  shortened 
to  a  length  of  '^.4555rfc  at  Frankford  Arsenal. 

The  uncompressed  coppers  were  from  metal  procured  in  May,  1901, 
and  annealed  April  15,  1905.  Watertown  Arsenal  table  of  May  12, 
1905. 

The  initially  depressed  (shortened)  coppers,  depressed  at  Frankford 
Arsenal,  were  from  metal  procured  in  May,  1901.  Watertown  Arse- 
nal table  of  March  15,  1904. 

Examination  made  at  this  time  by  means  of  dead  weights  of  1,000, 
1,100,  and  1,200  pounds,  and  with  coppers  compressed  in  the  100,000 
pounds  testing  machine. 

COPPERS  LOADED  IN  THE  100,000  POUNDS  TESTING  MACHINE. 


Applied  loads. 

Initially  depressed  coppers. 

Uncompressed  copper. 

ToUl. 

On* 

squarelnch 

gauge. 

Initial. 

Final. 

Differ- 
ence. 

Initial. 

Final. 

Differ- 
ence. 

Initial. 

Final. 

Differ- 
ence. 

Pounds. 
1,000 
1,100 
1,200 
1,300 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2,000 
2,100 
2,200 

Pounds. 
30,000 
33,000 
36,000 
39,000 
42,000 
45,000 
48,000 
51,000 
54,000 
57,000 
60,000 
63,000 
6«,000 

Inch. 
.4565 
.4551 
.4546 
.4483 
.4414 
.4301 
.4210 
.4123 
.4026 
.3932 
.3842 
.3750 
.3654 

Inch. 
.4551 
.4546 
.4483 
.4414 
.4301 
.4210 
.4123 
.4026 
.3032 
.3842 
.3750 
.3654 
.3666 

Inch. 
.0004 
.0005 
.0063 
.0069 
.»113 
.0091 
.0087 
.0097 
.0094 
.0090 
.0092 
.0096 
.0068 

Inch. 
.4655 

.4649 
.4637 
.4462 
.4376 
.4304 
.4214 
.4121 
.4044 
.3949 
.3862 
.3768 
.3684 

Inch. 
.4549 
.4537 
.4462 
.4376 
.4304 
.4214 
.4121 
.4044 
.304tf 
.3883 
.3768 
.3868 
.3503 

Inch. 
.0006 
.0012 
.0075 
.0086 
.0072 
.0090 
.0093 
.0077 
.0095 
.0086 
.0095 
.0084 
.0091 

Inch. 
.5002 
.4622 
.4545 
.4481 
.4402 
.4321 
.4236 
.4162 
.4076 
.3978 
.3903 
.3808 
.3716 

Inch. 
.4622 
.4645 
.4481 
.4402 
.4321 
.4236 
.4162 
.4076 
.3978 
.3903 
.3808 
.3716 
.3641 

Inch. 
.0380 
.0077 
.0064 
.0079 
.0061 
.0085 
.0074 
.0066 
.0098 
.0075 
.0095 
.009? 
.0071 

Three  cylinders  were  loaded  in  the  determinations  with  the  100,000 
pounds  testing  machine,  two  of  the  depressed  lot,  and  one  of  the 
uncompressed  lot.  Each  was  loaded  progressively  from  30,000  to 
66,000  pounds,  referred  to  a  3^0  square  inch  gauge.  Between  each 
successive  load  the  cylinder  was  removed  and  measured,  then  the 
next  higher  load  applied  and  remeasured  as  before,  thus  continuing 
until  66,000  pounds  was  reached. 

Other  coppers  were  loaded  by  means  of  dead  weights,  as  outlined  in 
the  following  programme: 

Uncompressed  coppers  of  tarage  table  of  May,  1905: 
Nos.    1  to  10:  1,000  lbs.-30,000  lbs.  .1 

1,100  lbs.-33,000  lbs. .  >10  coppers  loaded  in  sucoession  with  each  load. 
l,2001bs.»-36,0001b8..J 

Do. 
Do. 

-10  coppers  loaded  in  succession  with  each  load,  twice  applied. 


Nos.  11  to  20:  1,100  lbs.-33,000  lbs. 
1,200  lbs.-'36,000  lbs. 
Nos.  21  to  30:  1,200  lbs.-36,000  lbs. . 
Nos.  31  to  40:  1,000  ibs.-SO.OOO  lbs.  .1 
1,100  lbs.- 33,000  lbs.  ' 
1,200  lbs.- 36,000  lbs. 

Depressed  coppers  of  tarage  table  of  March,  1904  (depressed  at  Frankford  Arsenal  to  height  of  ".4555±): 
Nos.  41  to  50:  1  000  lbs.-30,000  lbs.  .1 

>10  coppers  loaded  in  soooesalon  with  each  load. 


a.. 
8..1 


1,100  lbs.- 33,000  lbs 

1,200  lbs.-36,000  lbs.. 
Nos.  71  to  80:  1,100  ibs.-33,000  lbs. . 

1,200  lbs.-36,000 lbs.. 
Nos.  51  to  60:  1,200  lbs.-36,000  lbs 
Nos.  61  to  70:  1,000  lb8.-30,000  lbs. . 

1,100  lbs.-33,000  lbs. 

1.200ib8.-36,0001bs. 
Nos.  81  to  83 


Ji 


Do. 
Do. 

10  coppers  loaded  in  succession  with  each  load,  twice  applied. 
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Uncompressbd  Coppers  of  Table  op  Mat,  1905. 


No. 

Loaded  witii 

Loaded  with 
1,100"  33»000  pounds. 

Loaded  with 
1 ,200-36,000  pounds. 

InltiaL 

Final. 

enoe. 

iDltiaL 

Pinal. 

Diffei^ 
enoe. 

Initial. 

Final. 

DiCtoi^ 
enoe. 

10 

Inch. 
.5001 
.5004 
.5000 

.4995 
.5000 

.5002 
.5001 
.5002 
.4996 
.5003 

Inch. 
.4674 
.4671 
.4686 
.4674 
.4662 
.4672 
.4700 
.4683 
.4678 
.4708 

Inch. 

.0333 
.0314 
,0321 
.0338 
.0330 
.0301 
.0319 
.0320 
.0295 

Inch. 
.4674 
.4671 
.4686 
.4674 
.4662 
.4672 
.4700 
.4683 
.4678 
.4708 

Inch. 
.4582 
.4617 
.4507 
.4616 
.4602 
.4610 
.4637 
.4587 
.4508 
.4612 

Inch. 
.0002 
.0054 
.0069 
.0058 
.0060 
.0052 
.0063 
.0096 
.0060 
.0096 

Inch. 
.4582 
.4617 
.4597 
.4616 
.4602 
.4619 
.4637 
.4587 
.4596 
.4612 

Inch. 
.4531 
.4552 
.4576 
.4536 
.4549 
.4544 
.4666 
.4544 
.4548 
.4591 

Inch. 
.0051 
.0065 
.0021 
.0060 
.0053 
.0075 
.0071 
.0043 
.0050 
.0021 

MOATlfl 

.4681 

.4807 

.4554 

Loaded  with 

Loaded  with 

1,100-33,000  pounds. 

1,200—36,000  pounds. 

No. 

Initial. 

Final. 

Differ 
ence. 

Initial. 

Final. 

Differ 
ence. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

11 

.4996 

.4586 

.0412 

.4586 

.4562 

.0024 

12 

.4994 

.4621 

.0373 

.4621 

.4560 

.0061 

13 

.5003 

.4620 

.0383 

.4620 

.4580 

.0040 

14 

.5006 

.4603 

.0402 

.4603 

.4552 

.0051 

15 

.5004 

.4599 

.0405 

.4599 

.4554 

.0045 

16 

.5001 

.4603 

.0396 

.4603 

.4556 

.0047 

17 

.5003 

.4623 

.0380 

.4623 

.4564 

.0050 

18 

.5005 

.4611 

.0304 

.4611 

.45n 

.0034 

19 

.5002 

.4007 

.0395 

.4007 

.4575 

.0032 

20 

.4969 

.4501 

.0398 

.4591 

.4534 

.0057 

M«mfl 

.4606 

.4561 

No. 

Loaded  with 
1,200-36,000  pounds. 

Reloaded  In  100,000  pounds 
testing  machine  with 
1,200-36.000  pounds. 

Again  loaded,  with  dead 

weight.  With 

1,200-»,000  pounds. 

Initial. 

Final. 

Differ- 
enoe. 

Initial. 

Final. 

ence. 

Initial. 

Final. 

Difler- 
enoe. 

21 
22 
33 
24 
26 
26 
27 
28. 
29 
30 

Inch. 

.4996 
0.5003 

.5006 
«.4998 

.5001 
a.  5003 

.4995 
«.5004 

.5003 
a.  5001 

Inch. 
.4544 
.4502 
.4557 
.4484 
.4546 
.4491 
.4550 
.4514 
.4542 
.4486 

Inch. 
.0454 
.0501 
.0449 
.0514 
.0455 
.0512 
.0445 
.0490 
.0451 
.0615 

Inch. 
.4544 
.4502 
.4557 
.4484 
.4546 
.4491 
.4550 
.4514 
.4542 
.4486 

Inch. 
.4504 
.4496 
.4504 
.4482 
.4490 
.4484 
.4486 
.4502 
.4486 
.4483 

Inch. 
.0040 
.0006 
.0053 

.0056 
.0007 
.0064 
.0012 
.0056 
.0003 

Inch. 
.4504 

a.  4496 
.4504 

a.  4482 
.4490 
.4484 
.4486 
.4502 
.4486 
.4183 

Inch. 
.4491 
.4482 
.4488 
.4458 
.4467 
.4476 
.4471 
.4492 
.4475 
.4472 

Inch. 
.0013 
.0014 
.0016 
.0024 
.0021 
.0008 
.0015 
.0010 
.0011 
.0011 

MA^na 

.4522 

.4492 

.4477 

aHousing  jarred  to  neutralize  filotion. 


Mean  of  five  not  iarred,  ''.4546. 
Mean  of  five  («)  /arred,  ''.4496. 
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OOPPEB    CYLINDERS    FOR  PRESSURE   GAUGES. 

Uncompressed  Coppers  op  Table  op  Mat,  1905— Oontinued. 


No. 

Noa.  21  and  23  agxUn  loaded 
In  100,000  pounds  teatinff 
machine  with  1,200—96,000 
pounds. 

InltiaL 

Final. 

Differ 
enoe. 

21 
23 

Inch. 
.4491 
.4488 

Inch. 
.4490 
.4486 

Inch. 
.0001 
.0002 

No. 

Loaded  with  1,000-30,000 
pounds. 

LoadAd  with  1,100-33,000 
pounds. 

Loaded  with  1,200-36,000 
pounds. 

Initial. 

Final. 

Differ- 
ence. 

Initial. 

FlnaL 

Differ- 
ence. 

Initial. 

Final. 

Differ- 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Inch. 
.5002 

.5002 

.5006 

.4999 

.5003 

.5003 

.5003 

.5002 

.4094 

.4999 

Inch. 
.4713 
.4706 

.4692 
.4685 

.4678 
.4673 

.4677 
.4676 

.4671 
.4667 

.4676 
.4673 

.4602 
.4683 

.4684 
.4683 

.4690 
.4682 

.4718 
.4716 

Inch. 
.0289 
.0007 

.0310 
.0007 

.0328 
.0005 

.0322 
.0001 

.0332 
.0004 

.0327 
.0003 

.0311 
.0010 

.0318 
.0001 

.0304 
.0008 

.0281 
.0002 

Inch. 
.4706 

.4685 

.4673 

.4676 

.4667 

.4673 

.4683 

.4683 

.4682 

.4716 

Inch. 
.4657 
.4638 

.4626 
.4610 

.4622 
.4604 

.4621 
.4611 

.4624 
.4600 

.4621 
.4605 

.4622 
.4603 

.4623 
.4606 

.4614 
.4611 

.4663 
.4642 

Inch. 
.0049 
.0019 

.0060 
.0016 

.0061 
.0018 

.0055 
.0010 

.0043 
.0024 

.0052 
.0016 

.0061 
.0019 

.0060 
.0017 

.0068 
.0003 

.0063 
.0011 

Inch. 
.4638 

.4610 

.4604 

.4611 

.4600 

.4606 
.4603 
.4606 
.4611 
.4642 

Inch. 

.4576 
.4665 

.4570 
.4540 

.4549 
.4536 

.4569 
.4548 

.4542 

.4526 

.4566 
.4552 

.4544 

.4536 

.4566 
.4546 

.4533 
.4519 

.4582 
.4568 

Inch. 
.0062 
.0011 

.0040 
.0021 

.0065 
.0014 

.0042 
.0021 

.0058 
.0016 

.0039 
.0014 

.0050 
.0008 

.0040 
.0020 

.0078 
.0014 

.0060 
.0014 
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Cyundbrs  which  wbrb  Initially  Depressed  at  Frankford  Arsenal. 
[Table  of  Maroh,  1904.] 


No. 

Loaded  with  1.000-30,000 
pounds. 

Loaded  with  1.100=33,000 
pounds. 

Loaded  with  1.200-36,000 
pounds. 

Initial. 

Final. 

Differ- 
ence. 

Initial. 

Final. 

Differ- 
ence. 

Initial. 

Final. 

Inch. 
.4534 
.4538 
.4633 
.4537 
.4536 
.4524 
.4524 
.4634 
.4642 
.4637 

Differ- 
ence. 

41 
42 
4g 
44 

45 
46 
47 
48 
49 
50 

1 

Inch. 
.4556 
.45^ 
.4560 
.4556 
.4554 
.4553 
.4554 
.4656 
.4561 
.4555 

[can 

Inch. 
.4553 
.4552 
.4552 
.4552 
.4661 
.4651 
.4649 
.4565 
.4553 
.4654 

Inch. 
.0003 
.0004 
.0006 
.0004 
.0003 
.0002 
.0005 
.0001 
.0008 
.0001 

Inch. 
.4663 
.4562 
.4562 
.4562 
.4661 
.4651 
.4549 
.4665 
.4653 
.4654 

Inch. 
.4548 
.4543 
.4544 
.4546 
.4547 
.4536 
.4646 
.4553 
.4552 
.4647 

Inch. 
.0005 
.0009 
.0008 
.0006 
.0004 
.0016 
.0003 
.0002 
.0001 
.0007 

Inch. 
.4548 
.4543 
.4544 
.4546 
.4547 
.4535 
.4646 
.4553 
.4552 
.4547 

Inch. 
.0014 
.0005 
.0011 
.0009 
.0011 
.0011 
.0022 
.0019 
.0010 
.0010 

.4646 

No. 

Loaded  with  1.100"33,000 
pounds. 

Loaded  with  1,200-36,000 
pounds. 

Initial. 

Final. 

Differ- 
ence. 

Initial. 

Final. 

Differ- 
ence. 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

Inch. 
.4566 
.4655 
.4557 
.4555 
.4555 
.4556 
.4656 
.4553 
.4655 
.4556 

Inch. 
.4647 
.4543 
.4644 
.4648 
.4644 
.4646 
.4649 
.4636 
.4546 
.4637 

Inch. 
.0008 
.0012 
.0013 
.0007 
.0011 
.0010 
.0007 
.0017 
.0009 
.0019 

Inch. 
.4547 
.4543 
.4544 
.4548 
.4644 
.4646 
.4549 
.4536 
.4646 
.4637 

Inch. 
.4524 
.4523 
.4532 
.4626 
.4528 
.4633 
.4633 
.4512 
.4626 
.4527 

Inch. 
.0023 
.00*20 
.0012 
.0023 
.0016 
.0013 
.0016 
.0024 
.0020 
.0010 

No. 

Loaded    with    1,200-36,000 
pounds. 

Reloaded  in  100,000  pounds 
testing  machine  with  1,200- 
36,000  pounds. 

Again    loaded,    with    dead 
weight,  with  1,200-36,000 
pounds. 

Initial. 

Final. 

Differ- 
ence. 

Initial. 

Final. 

Differ- 
ence. 

Initial. 

Final. 

Differ- 
ence. 

51 
52 
63 
64 
65 
56 
57 
58 
59 
60 

Inch. 
a.  4565 
a.  4563 

.4564 
&.  4665 
a.  4556 

.4566 
a.  4655 

.4566 
a.  4556 

.4654 

Means.... 

Inch. 
.4516 
.4472 
.4538 
.4542 
.4472 
.4625 
.4503 
.4527 
.4486 
.4525 

Inch. 
.0039 
.0091 
.0016 
.0013 
.0084 
.0031 
.0052 
.0029 
.0070 
.0029 

Inch. 
.4516 
.4472 
.4638 
.4642 
.4472 
.4525 
.4603 
.4527 
.4486 
.4626 

Inch. 
.4475 
.4452 
.4463 
.4476 
.4466 
.4444 
.4462 
.4457 
.4478 
.4455 

Inch. 
.0041 
.0020 
.0075 
.0066 
.0016 
.0081 
.0051 
.0070 
.0008 
.0070 

Inch. 
.4475 
.4462 
.4463 
.4476 
.4456 
.4444 
.4462 
.4457 
.4478 
.4456 

Inch. 
.4464 
.4438 

C.4452 
.4467 
.4450 
.4436 

<1.4432 
.4446 
.4465 
.4447 

Inch. 
.0011 
.0014 
.0011 
.0009 
.0006 
.0008 
.0020 
.0011 
.0013 
.0008 

.4461 

.4450 

a  Housing  jarred  to  neutralize  friction. 
^  Sustained  load  five  minutes,  but  not  jarred. 
c  Relofided  in  100,000  pounds  testing  machine, ' 
d  Reloaded  in  100,000  pounds  testing  machine, " 


'.4451;  reloaded  with  dead  weight, ' 
.4427. 


.4438. 
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CrLINDSRfi   WHICH  WERE   INITIALLY  DEPRESSED  AT  FrANKFORD  ArSENAL — Cont'd. 


Loaded  with  IflfJO^dOJKO 
pounds. 

Loaded  with  1.100-33,000 
pounds. 

Loaded  with  ],200-a6»000 
pounds. 

No. 

1 

Initial. 

FlnaL 

Differ- 
enoe. 

Initial. 

Final. 

Dliler- 
enoe. 

InitiaL 

FinaL 

DUrer- 
enoe. 

61 

Inch. 
.4560 

Inch, 
.4554 
.4653 

Inch, 
.0006 
.0001 

Inch. 
.4653 

Inch. 
.4552 
.4547 

Inch. 
.0001 
.0006 

Inch. 

.4647 

Inch. 
.4536 
.4533 

Inch. 
.0011 
.0003 

62 

.4554 

.4552 
.4551 

.0002 
.0001 

.4551 

.4543 
.4542 

.0008 
.0001 

.4542 

.4522 
.4617 

.0020 
.0005 

63 

.4554 

.4551 
.4550 

.0003 
.0001 

.4550 

.4548 
.4543 

.0002 
.0005 

.4543 

.4526 
.4516 

.0017 
.0010 

64 

.4553 

.4546 
.4546 

.0007 

a 

.4546 

.4538 

.4534 

.0008 
.0004 

.4534 

.4516 
.4495 

.0018 
.0021 

65 

.4557 

.4552 
.4550 

.0005 
.0002 

.4550 

.4538 

.4537 

.0012 
.0001 

.4537 

.4514 
.4506 

.0083 
.0006 

66 

.4550 

.4653 
.4560 

.0006 
.0003 

.4560 

.4648 
.4648 

.0002 

a 

.4548 

.4534 
.4522 

.0014 
.0012 

67 

.4554 

.4552 
.4549 

.0002 
.0003 

.4549 

.4533 
.4529 

.0016 
.0004 

.4529 

.4514 
.4501 

.0015 
.0013 

68 

.«64 

.4550 
.4550 

.0004 

a 

.4650 

.4547 
4645 

.0003 
.0002 

.4645 

.4532 
.4520 

.0013 
.0012 

69 

.4556 

.4652 
.4547 

.0004 

.0005 

.4647 

.4544 

.4643 

.0008 
.0001 

.4545 

.4527 
.4504 

.0018 
.0023 

70 

M 
M 

.4559 

.4654 
.4553 

.0005 
.0001 

.4653 

.4544 

.4543 

.0009 
.0001 

.4543 

.4540 
.4526 

.0003 

.0014 

Min,  first  1 
Ban,86con 

Dading . . . 

.4526 
.4514 

iioadiDg. 

Surplus  Coppers  Left  Over  after  Making  Tarage  Table  of  May,  1906. 
[Metal  of  May,  1901;  annealed  April  15, 1905.] 


No. 

Loaded     In  100,000  pounds 
testing  machine  with  1,200- 
36,000  pounds. 

Reloaded  with  dead  wei«^t 
at  1,200-36,000  pounds. 

Again    loaded    with    dead 
weight     at     1,200-36,000 
pounds. 

Initial. 

Final. 

Difler- 
enoe. 

Initial. 

Final. 

DlfTer- 
enoe. 

Initial. 

Final. 

Dilfer- 
enoe. 

81 
82 
83 

Mean 

Inch. 
.5003 
.5004 

.5003 

Inch. 
.4463 

.4487 
.4504 

Inch. 
.0540 
.0517 
.0499 

Inch. 
.4463 
.4487 
.4504 

Inch. 
.4452 

.4476 
.4487 

Inch. 
.0011 
.0011 
.0017 

Inch. 
.4452 

.4476 
.4487 

Inch. 
.4449 
.4473 
.4445 

Inch. 
.0003 

.0008 
.0002 

A 

K..  .5003 

.4485 

.0518 
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Mean  compression  of  10  cylinders  from  Frankford  Arsenal. 
Metal  purchased  May,  1901.     Metal  annealed  Februay  6,  1906. 
Table  for  use  with  crusher  gauge,  one-thirtieth  square  inch  area. 
Mean  dimensions  of  cylinders:  ijength,0''.5005;  oiameter,  0''.2055. 


Lo«dper 

Total 

oampreiiflioxifi. 

Hquara 

MBan 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

E. 

0. 

10. 

Mean. 

rectod 
Beta, 

square 

Pounds. 

Inch. 

Inch. 

Inch, 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch 

Inch. 

3,000 

a 

a 

0. 

a 

0. 

0. 

a 

0. 

0. 

0. 

0. 

0. 

6,000 

.0006 

.0004 

.0004 

.0004 

.0004 

.0005 

.0006 

.0006 

.0005 

.0006 

.0003 

9,000 

.0021 

.0014 

.0016 

.0062 

.0028 

.0025 

.0024 

.0020 

.0025 

.(Mt20 

.0025 

.0020 

10,000 

.0033 

.0023 

.0027 

.0066 

.0037 

.0040 

.0038 

.0035 

.0049 

.0036 

.0038 

.0032 

11,000 

.0044 

.0040 

.0044 

.0064 

.0049 

.0056 

.0060 

.0069 

.0063 

.0061 

.0054 

.0048 

12,000 

.0061 

.oa'ifi 

.0050 

.0103 

.0068 

.0078 

.0070 

.0074 

.0081 

.0060 

.0072 

.0065 

13,000 

.0078 

.00"/2 

.0075 

.0112 

.0081 

.0069 

.0083 

.0090 

.0097 

.0066 

.0086 

.0078 

14,000 

.0094 

.0090 

.0090 

.0118 

.0100 

.0108 

.0102 

.0096 

.0116 

.0102 

.0102 

.0093 

15,000 

,0112 

.0110 

.0108 

.0143 

.0136 

.0126 

.0120 

.0123 

.0133 

.0123 

.0123 

.0113 

16,000 

.0130 

.0122 

.0127 

.0154 

.0147 

.0144 

.0139 

.0133 

.0149 

.0137 

.0138 

.0127 

17,000 

.0144 

.0141 

.0141 

.0185 

.0151 

.0160 

.0152 

.0164 

.0176 

.0155 

.0167 

.0146 

18,000 

.0165 

.0158 

.0163 

.0197 

.0169 

.0176 

.0174 

.0176 

.0193 

.0178 

.0176 

.0164 

19,000 

.0180 

.0176 

.0180 

.0221 

.0186 

.0201 

.0191 

.0189 

.0213 

.0199 

.0194 

.0183 

20,000 

.0202 

.0198 

.0198 

.0238 

.0222 

.0219 

.0215 

.0210 

.0234 

.0221 

.0216 

.0205 

21,000 

.0224 

.0217 

.0219 

.0261 

.0233 

.0239 

.0235 

.0233 

.0251 

.0241 

.023^ 
.02K 

.0224 

22,000 

.0242 

.0234 

.0235 

.0278 

.0248 

.0258 

.0261 

.0261 

.0269 

.0255 

.0241 

23,000 

.0272 

.0253 

.0258 

.(mi 

.0270 

.0279 

.0278 

.0273 

0294 

.0284 

.0276 

.0265 

24,000 

.0285 

.0279 

.0280 

.0321 

.0296 

.0296 

.0293 

.0290 

.0316 

.0296 

.0295 

.0283 

25  000 

.0806 

.0297 

.0300 

.0339 

.0308 

.0319 

.0315 

.0314 

.0336 

.0316 

.0316 

.0303 

26.000 

.0328 

.0316 

.0820 

.0363 

.0337 

.0341 

.0342 

.0335 

.0358 

.0340 

.0338 

.0326 

27,000 

.0348 

.0340 

.0344 

.0388 

.0366 

.0364 

.0355 

.0348 

.0376 

.0379 

.0360 

.0348 

28,000 

.0372 

.0356 

.0360 

.0407 

.0390 

.0388 

.0377 

.0371 

.0398 

.0403 

.0382 

0370 

29,000 

.0389 

.0384 

.0381 

.0426 

.0408 

.0408 

.0400 

.0398 

.0422 

.0426 

.0404 

.0392 

30,000 

.0413 

.0^ 

.0405 

.0452 

.0414 

.0428 

.0423 

.0425 

.0444 

.0435 

.0424 

.0412 

31,000 

.0434 

.0427 

.0429 

.0473 

.0442 

.0453 

.0444 

.0442 

.0466 

.0475 

.0449 

.0437 

32,000 

.0448 

.0448 

.0453 

.0498 

.0465 

.0474 

.0466 

.0481 

.0494 

.0494 

.0472 

.0460 

33,000 

.0484 

.0471 

.0477 

.0617 

.0500 

.0500 

.0490 

.0490 

.0617 

.0519 

.0497 

.0485 

34,000 

.0500 

.0494 

.0494 

.0540 

.0610 

.0525 

.0510 

.0510 

.a-wo 

.0523 

.0614 

.0602 

35,000 

.0524 

.0518 

.0513 

.0566 

.0634 

.0554 

.0634 

.0630 

.0563 

.0572 

.0541 

.0627 

36,000 

.0542 

.0545 

.0647 

.0689 

.0574 

.0677 

.0560 

.0554 

.0584 

.0605 

.0567 

.0553 

37.000 

.0571 

.0560 

.0657 

.0611 

.0506 

.0588 

.0581 

.0579 

.0609 

.0607 

.0586 

.0572 

38,000 

.0584 

.0588 

.0589 

.0640 

.0623 

.0616 

.0604 

.0606 

.0634 

.0638 

.0612 

.0596 

39,000 

.0625 

.0610 

.0611 

.0660 

.0636 

.0650 

.0630 

.0629 

.0665 

.0664 

.0636 

.0622 

40,000 

.0638 

.0636 

.0628 

.0680 

.0648 

.0681 

.0655 

.0646 

.0677 

.0683 

.0657 

.0643 

41,000 

.0664 

.0658 

.0667 

.0711 

.0676 

.0709 

.0680 

.0682 

.0704 

.0690 

.0683 

.0669 

42,000 

.0690 

.0682 

.0684 

.0731 

.0705 

.0742 

.0701 

.0704 

.0736 

.0715 

.0709 

.0605 

43,000 

.0719 

.0704 

.0703 

.0768 

.0729 

.0768 

.0725 

.0721 

.0767 

.0737 

.0731 

.0717 

44,000 

.0739 

.0737 

.0728 

.0791 

.0750 

.0795 

.0760 

.0747 

.0785 

.0780 

.0761 

.0747 

45,000 

.0760 

.0768 

.0748 

.0807 

.0779 

.0811 

.0786 

.0779 

.0813 

.0816 

.0787 

.0773 

46,000 

.0791 

.0794 

.0779 

.0833 

.0807 

.0828 

.0807 

.0803 

.0840 

.0831 

.0811 

.mm 

47,000 

.0818 

.0623 

.0803 

.0607 

.0833 

.0839 

.0826 

.0826 

.0860 

.0866 

.0835 

.0821 

48,000 

.0845 

.0848 

.0826 

.0887 

.0858 

.0868 

.0868 

.0849 

.0889 

.0870 

.0660 

.0846 

49,000 

.0877 

.0854 

.0869 

.0906 

.0884 

.0898 

.0880 

.0890 

.0908 

.0884 

.0884 

.0870 

50,000 

.0897 

.0884 

.0686 

.0038 

.0917 

.0928 

.0923 

.0906 

.0947 

.0913 

.0914 

.0900 

51,000 

.0922 

.0913 

.0900 

.0967 

.0939 

.0960 

.0934 

.0930 

.0969 

.0960 

.0937 

.0923 

52,000 

.0948 

.0940 

.0933 

.0989 

.0966 

.0979 

.0960 

.0968 

.0993 

.0975 

.0964 

.0950 

53,000 

.0969 

.0973 

.0968 

.1019 

.0994 

.1013 

.0985 

.0984 

.1028 

.0999 

.0993 

.0979 

54,000 

.1002 

.0986 

.0992 

.1049 

.1022 

.1040 

.1016 

.1013 

.1064 

.1036 

.1021 

.1007 

55,000 

.1022 

.1014 

.1011 

.1070 

.1070 

.1064 

.1039 

.1037 

.1074 

.1063 

.1046 

.1031 

66,000 

.1048 

.1038 

.1039 

.1100 

.1093 

.1068 

.1078 

.1064 

.1110 

.1076 

.1073 

.1060 

57,000 

.1084 

.1060 

.1064 

.1124 

.1102 

.1120 

.1107 

.1086 

.1134 

.1114 

.1100 

.1087 

58,000 

.1103 

.1081 

.1093 

.1160 

.1116 

.1140 

.1123 

.1120 

.1156 

.1138 

.1122 

.1109 

50,000 

.1129 

.1114 

.1117 

.1178 

.1154 

.1179 

.1162 

.1134 

.1184 

.1189 

.1160 

.1137 

60,000 

.1148 

.1135 

.1160 

.1195 

.1181 

.1206 

.1178 

.1162 

.1214 

.1188 

.1177 

.1164 

62,000 

.1215 

.1192 

.1204 

.1263 

.1231 

.1254 

.1236 

.1230 

.1271 

.1245 

.1234 

.1221 

64,000 

.1256 

.1244 

.1260 

.1315 

.1295 

.1317 

.1283 

.1273 

.1322 

.1321 

.1289 

.1276 

66.000 

.1304 

.1284 

.1308 

.1360 

.1330 

.1352 

.1362 

.1323 

.1376 

.1360 

.1334 

.1321 

68,000 

.1350 

.1344 

.1359 

.1410 

.1400 

.1400 

.1393 

.1388 

.1430 

.1395 

.1388 

.1376 

70,000 

.1404 

.1390 

.1409 

.1465 

.1442 

.1468 

.1449 

.1424 

.1476 

.1455 

.1438 

.1426 

72,000 

.1474 

.1440 

.1460 

.1512 

.1493 

.1600 

.1503 

.1476 

.1624 

.1493 

.1487 

.1475 

74,000 

.1515 

.1492 

.1518 

.1563 

.1642 

.1565 

.1547 

.1528 

.1500 

.1548 

.1541 

.1529 

76,000 

.1569 

.1639 

.1555 

.1619 

.1606 

.1612 

.1608 

.1687 

.1625 

.1698 

.1692 

.1580 

78,000 

.1629 

.1584 

.1606 

.1660 

.1660 

.1665 

.1666 

.1625 

.1685 

.1662 

.1642 

.1630 

80,000 

.1665 

.1639 

.1667 

.1718 

.1717 

.1716 

.1704 

.1685 

.1733 

.1698 

.1694 

.1682 

82,000 

.1721 

.1686 

.m5 

.1766 

.1756 

.1760 

.1762 

.1725 

.1784 

.1749 

.1742 

.1730 
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OOPPEB   CYLINDERS    FOR   PRESSURE    GAUGES. 


Load  per 
square 
Inchon 
crusher 

one-thir- 
tieth 
sauare 
hich  area. 


Pounds. 
84,000 
86,000 
88.000 
90.000 
92.000 
94,000 
96,000 
98,000 
100,000 


Total  compressions. 


Inch. 
0.1768 
.1815 
.1864 
.1906 
.1956 
.2003 
.2046 
.2095 
.2129 


Inch. 
0.1731 
.1789 
.1830 
.1875 
.1924 
.1968 
.2014 
.2060 
.2104 


Inch. 
0.1760 
.1814 
.1850 
.1900 
.1948 
.2003 
.2044 
.2085 
.2134 


Inrh. 
a  1818 
.1875 
.1912 
.1956 
.2009 
.2054 
.2008 
.2145 
.2192 


'  Inek. 

0.1796 
.1851 

I  .1896 
.1941 
.1968 
.2036 
.2062 
.2130 
.2176 


Inch. 
0.1822 
.1875 
.1910 
.1974 
.2009 
.2068 
.2095 
.2146 
.2185 


7. 

8. 

9. 

Inch. 

Inch. 

Inch. 

9.1806 

0.1784 

0.1829 

.1864 

.1827 

.1880 

.1900 

.1868 

.1921 

.1946 

.1913 

.1974 

.1996 

.1963 

.2080 

.2043 

.2004 

.2058 

.2064 

.2054 

.2108 

.2129 

.2102 

.2152 

.2175 

.2138 

.2193 

10. 


I  cor- 

Irected 

Mean.  I  sets. 


Inch. 
0.1793 
.1862 
.1894 
.1941 
.1991 
.2080 
.2079 
.2115 
.2162 


;  Inch, 
0. 1791 
.1843 
.1885 
.1933 
.1960 
.2020 
.2070 
.2116 
.2159 


I  Inch. 

0.1781 
.1833 
.1875 
.1923 
.1971 
.2017 
.2061 
.2107 
.2150 
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Groups  of  five  cylinders  each  were  initially  compressed  with  loads 
of  from  35,000  to  60,000  pounds  each. 

The  cylinders  were  loaded  once  each  by  a  load  immediately 
advanced  to  the  prescribed  limit  and  then  promptly  released. 

[CyUndera  loaded  with  1,167  pounds— 35,000  pounds  per  square  loch.] 


Initial 

Final 

Differ- 

height. 

height. 

ence. 

Inch. 

Inch. 

Inch. 

.5006 

.4486 

.0520 

.5003 

.4476 

.0527 

.5006 

.4471 

.0525 

.5005 

.4472 

.0533 

.5001 

.4466 

.0535 

Mean  difference . . 

.0528 

[Cylinders  loaded  with  1,333  pounds— 40,000  pounds  per  square  indh.] 


.5005 
.4999 

.5002 
.6006 

.5007 

.4144 
.4364 
.4366 
.4364 
.4364 

.0661 
.0635 
.0636 
.0641 
.0643 

Mean 

difference . . 

.0643 

(Cylinders  loaded  with  1,500  pouuds— 45,000  pounds  per  square  inch.] 


.5004 

.4245 

.0750 

.5005 

.4200 

.0605 

.5005 

.4233 

.0772 

.5003 

.4264 

.0739 

.5004 

.4246 

.0758 

Mean 

difference. . 

.0767 

[Cylinders  loaded  with  1,667  pounds— 50,000  pounds  per  square  iBich.] 


.5002 

.4110 

.0892 

.5002 

.4101 

.0901 

.5006 

.4119 

.0687 

.5004 

.4131 

.0673 

.5006 

.4118 

.0688 

Mean 

.0688 

[Cylinders  loaded  with  1,833  pounds— 55,000  pounds  per  square  inch.] 


.5004 

.3976 

.1028 

.5002 

.3987 

.1015 

.5004 

.3988 

.1016 

.5006 

.3992 

.1014 

.5003 

.3988 

.1015 

Mean 

difference . . 

.1017 

[Cylinders  loaded  with  2,000  pounds— 60,000  pounds  per  square  inch.] 


5004 

.3836 

.1168 

.5003 

.3867 

.1136 

.5004 

.3860 

.1144 

.5010 

.3844 

.1166 

.5006 

.3863 

.1143 

Mean 

difference.. 

.1151 
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OOPPEB   OYLINDEBS   FOR   PBES8UKE    GAUGES. 


Tarage  Table  for  Pressure  Cylinders  Furnished  with  the 
GoLAz  (French)  Apparatus. 

Mean  dimensions:  Length,  0''.5113;  diameter,  0".3142. 


Total 

Total  compressioDB. 

Mean 

loads 
applied. 

cor- 
rected 
eete. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Mean. 

Pounds, 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

100 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

aoo 

.0006 

.0004 

.0001 

.0002 

.0008 

.0003 

.0004 

.0004 

.0002 

.0001 

.0004 

.0003 

400 

.0016 

.0017 

.0003 

.0010 

.0008 

.0010 

.0014 

.0004 

.0010 

.0012 

.<K)10 

600 

.0048 

.0054 

.0046 

.0043 

.0052 

.0028 

.0036 

.0047 

.0010 

.0042 

.0041 

.0038 

800 

.0084 

.0090 

.0090 

.0083 

.0089 

.0058 

.0073 

.0089 

.0037 

.0081 

.0077 

.0073 

1,000 

.0127 

.0132 

.0126 

.0124 

.0133 

.0095 

.0114 

.0130 

.0076 

.0121 

.0118 

.0112 

'  1,200 

.0175 

.0176 

.0175 

.0175 

.0179 

.0150 

.0164 

.0173 

.0127 

.0171 

.0167 

.0161 

1,400 

.0225 

.0227 

.0228 

.0222 

.0185 

.0210 

.0224 

.0168 

.0220 

.0214 

.0206 

1,600 

.0277 

.0276 

.0278 

.0270 

.0279 

.0244 

.0267 

.0273 

.0219 

,0279 

.0266 

.0256 

1,800 

.0334 

.0339 

.0336 

.0328 

.0337 

.0296 

.0323 

.0335 

.0278 

.0329 

.0324 

.0314 

2,000 

.0380 

.0391 

.0392 

.0386 

.0391 

.0342 

.0371 

.0394 

.0323 

.0377 

.0365 

2,200 

.0448 

.0448 

.0462 

.0440 

.0452 

.0417 

.0438 

.0445 

.0387 

.0447 

.0438 

.0426 

2,400 

.0513 

.0510 

.0511 

.0500 

.0513 

.0472 

.0494 

.0508 

.0451 

.0505 

.0498 

.0485 

2,600 

.0573 

.0578 

.0580 

.0563 

.0573 

.0522 

.0563 

.0575 

.0505 

.0576 

.0561 

.0548 

2,800 

.0646 

.0644 

.0644 

.0643 

.0642 

.0595 

.0628 

.0653 

.0581 

.0840 

.0632 

.0618 

3,000 

.0718 

.0711 

.0722 

.0705 

.0710 

.0656 

.0697 

.0716 

.0654 

.0714 

.0700 

.0685 

3,200 

.0794 

.0781 

.0780 

.0779 

.0788 

.0728 

.0770 

.0796 

.0719 

.0788 

.0773 

.0758 

3,400 

.0865 

.0865 

.0863 

.0856 

.0850 

.0806 

.0841 

.0868 

.0791 

.0864 

.0847 

.0832 

3,600 

.0943 

.0939 

.0944 

.0934 

.0936 

.0880 

.0918 

.0943 

.0866 

.0950 

.0925 

.0910 

3,800 

.1018 

.1013 

.1025 

.1012 

.1005 

.0053 

.0995 

.1021 

.0942 

.1029 

.1001 

.0986 

4,000 

.1093 

.1084 

.1094 

.1080 

.1082 

.1032 

.1067 

.1098 

.1015 

.1088 

.1073 

.1057 

4,200 

.1175 

.1180 

.1170 

.1160 

.1168 

.1103 

.1138 

.1170 

.1091 

.1171 

.1153 

.1137 

4,400 

.1259 

.1248 

.1260 

.1240 

.1240 

.1175 

.1223 

.1255 

.1175 

.1261 

.1234 

.1218 

4,600 

.1334 

.1338 

.1338 

.1329 

.1325 

.1260 

.1298 

.1330 

.1257 

.1339 

.1315 

.1299 

4,800 

.1409 

.1405 

.1414 

.1404 

.1398 

.1345 

.1386 

.1420 

1326 

.1414 

.1392 

.1376 

5,000 

.1488 

.1482 

.1487 

.1478 

.1477 

.1421 

.1470 

.1482 

.1415 

.1487 

.1460 

.1462 

5,200 

.1567 

.1564 

.1562 

.1558 

.1550 

.1495 

.1533 

.1553 

.1485 

.1568 

.1544 

.1527 

5,400 

.1643 

.1631 

.1641 

.1635 

.1638 

.1572 

.1615 

.1639 

.1573 

.1639 

.1623 

.1606 

5,600 

.1719 

.1709 

.1717 

.1704 

.1712 

.1656 

.1690 

.1712 

.1644 

.1705 

.1607 

.1679 

5,800 

.1795 

.1786 

.1784 

.1784 

.1780 

1721 

.1760 

.1790 

.1718 

.1789 

.1772 

.1754 

6,000 

.1860 

.1850 

.1861 

.1853 

.1855 

.1796 

.1842 

.1860 

.1781 

.1857 

.1842 

.1823 

6,200 

.1930 

.1923 

.1925 

.1923 

.1929 

.1868 

.1913 

.1928 

1863 

.1930 

.1913 

.1894 

6,400 

.2010 

.1991 

.1994 

.1993 

.1994 

.1939 

.1986 

.1997 

.1931 

.1993 

.1983 

.1964 

6,600 

.2072 

.2064 

.2059 

.2068 

.2076 

.2003 

.2050 

.2073 

.1995 

.2071 

.2053 

.2034 

6,800 

.2131 

.2123 

.2125 

.2127 

.2134 

.2076 

.2113 

.2142 

.2062 

.2128 

.2116 

.2097 

7,000 

.2194 

.2183 

.2181 

.2184 

.2194 

.2136 

.2184 

.2200 

.2129 

.2186 

.2177 

.2158 

7,200 

.2249 

.2242 

.2240 

.2245 

.2256 

.2190 

.2243 

.2256 

.2186 

.2240 

.2235 

.2216 

7,400 

.2309 

.2305 

.2302 

.2306 

.2319 

.2257 

.2300 

.2319 

.2244 

.2300 

.2296 

.2277 

7,600 

.2368 

.2358 

.2355 

.2360 

.2366 

.2315 

.2358 

.2370 

.2309 

.2359 

.2352 

.2332 

7,800 

.2418 

.2414 

.2410 

.2414 

.2425 

.2373 

.2409 

.2428 

.2353 

.2420 

.2406 

.2386 

8,000 

.2470 

.2464 

.2455 

.2465 

.2476 

.2420 

.2460 

.2478 

.2400 

.2465 

.2456 

.2435 

8,200 

.2521 

.2515 

.2511 

.  2515 

.2521 

.2425 

.2508 

.2531 

.2459 

.2513 

.2506 

.2485 

8,400 

.2566 

.2557 

.2560 

.2558 

.2569 

.2519 

.2559 

.2574 

.2505 

.2563 

.2553 

.2532 

8,600 

.2612 

.2608 

.2604 

.2610 

.2620 

.2573 

.2600 

.2629 

.2554 

.2613 

.2602 

.2581 

8,800 

.2659 

.2653 

.2646 

.2654 

.2660 

.2618 

.2651 

.2668 

.2603 

.2649 

.2646 

.2625 

9,000 

.2698 

.2608 

.2603 

.2702 

.2705 

.2658 

.2688 

.2712 

.2650 

.2605 

.2600 

.2660 

0,200 

.2747 

.2735 

.2730 

.2742 

.2743 

.2708 

.2729 

.2753 

.2688 

.2736 

.2731 

.2710 

9,400 

.2779 

.2774 

.2771 

.2776 

.2779 

.2738 

.2774 

.2791 

.2731 

.2774 

.2760 

.2748 

9,600 

.2819 

.2815 

.2808 

.2819 

.2826 

.2779 

.2814 

.2833 

.2770 

.2818 

.2810 

.2789 

9,800 

.2854 

.2852 

.2845 

.2853 

.2857 

.2819 

.2851 

.2865 

.2815 

.2854 

.2847 

.2826 

10,000 

.2890 

.2889 

.2879 

.2884 

.2888 

.2852 

.2883 

.2905 

.2841 

.2888 

.2880 

.2858 

10,200 

.2926 

.2922 

.2910 

.2919 

.2925 

.2884 

.2919 

.2937 

.2880 

.2921 

.2914 

.2802 

10,400 

.2958 

.2956 

.2947 

.2949 

.2961 

.2920 

.2958 

.2968 

.2915 

.2952 

.2948 

.2926 

10,600 

.2998 

.2990 

.2977 

.2984 

.2996 

.2959 

.2980 

.3003 

.2948 

.2988 

.2983 

.2961 

10,800 

.3031 

.3017 

.3010 

.3019 

.3024 

.2985 

.3017 

.3030 

.2979 

.3026 

.3014 

.2992 

11,000 

.3052 

.3045 

.3038 

.3048 

.3053 

.3020 

.3046 

.3059 

.3013 

.3049 

.3042 

.3020 

11,200 

.3080 

.3075 

.3009 

.3074 

.3083 

.3045 

.3074 

.3083 

.3041 

.3079 

.3070 

.3048 

11,400 

.3110 

.3101 

.3095 

.3106 

.3111 

.3075 

.3107 

.3116 

.3069 

.3110 

.3100 

.3078 

11,600 

.3138 

.3133 

.3124 

.3134 

.3137 

.3105 

.3134 

.3145 

.3102 

.3136 

.3129 

.3107 

11,800 

.3161 

.3160 

.3150 

.3160 

.3168 

.3133 

.3158 

.3171 

.3128 

.3163 

.3155 

.3133 

12,000 

.3184 

.3181 

.3164 

.3183 

.3188 

.3155 

.3178 

.3194 

.3155 

.3184 

.3177 

.3154 

12,200 

.3210 

.3215 

.3198 

.3210 

.3215 

.3189 

.3205 

.3219 

.3177 

.3210 

.3205 

.3182 

12,400 

.3236 

.3235 

.3221 

.3233 

.3238 

.3206 

.3230 

.3243 

.3206 

.3233 

.3228 

.3205 

12,600 

.3258 

.3257 

.3251 

.3256 

.3281 

.3230 

.3249 

.3265 

.3230 

.3260 

.3252 

.3229 

12,800 

.3281 

.3279 

.3270 

.3278 

.3282 

.3255 

.3275 

.3288 

.3254 

.3279 

.3274 

.3251 

13.000 

.33a5 

.3302 

.3294 

.3300 

.3305 

.3271 

.3299 

.3309 

.3274 

, .3299 

.3296 

.3273 

13,200 

.3325 

.3323 

.3316 

.3320 

.3325 

.3293 

.3320 

.3330 

.3295 

.3326 

.3317 

.3294 

13,400 

.3344 

.3346 

.3334 

.3337 

.3348 

.3315 

.3339 

.3352 

.3315 

.3347 

.3338 

.3315 

13.000 

.3366 

.3365 

.3355 

.3358 

.3367 

.3341 

.3359 

.3372 

.3334 

.3366 

.3358 

.3335 

13,800 

.3385 

.3384 

.3378 

.3376 

.3385 

.3350 

.3379 

.3394 

.3356 

.3384 

.3378 

.3355 

14.000 

.3408 

.3402 

.3398 

.3394 

.3406 

.3374 

.3401 

.3409 

.3370 

.3404 

.3397 

.3374 

14,200 

.3425 

.3421 

.3414 

.3415 

.3423 

.3398 

.3420 

.3428 

.3390 

.3421 

.3416 

.3393 

14,400 

.3441 

.3439 

.3430 

.3435 

.3440 

.3414 

.3434 

.3454 

.3410 

.3440 

.3434 

.3411 

14,600 

.3458 

.3458 

.3445 

.3468 

.3450 

.3433 

.3453 

.3464 

.3429 

.3460 

.3453 

.3430 

14,800 

.3476 

.3472 

.3461 

.3477 

.3473 

.3452 

.3468 

.3479 

.3444 

.3477 

.3468 

.3445 

15,000 

.3496 

.3486 

.3481 

.3489 

.3402 

.3468 

.3483 

.3496 

.3467 

.3403 

.3485 

.3461 

■Digiti 


ized  by  Google 


COPPER   CYLINDERS   FOR   PRESSURE   GAUGES. 


267 


Nine  cylinders  of  this  lot  were  initially  compressed  with  a  load  of 
5,000  pounds,  applied  and  immediately  released. 


iDltlal 

Fhial 

Dlllei^ 

height. 

height. 

enoe. 

Inch. 

/ndk. 

Inch, 

.5132 

.3642 

.1480 

.5123 

.3669 

.1454 

.5119 

.3644 

.1475 

.5112 

.3678 

.1434 

.5106 

.3625 

.1485 

.5121 

.3668 

.1463 

.5121 

.3663 

.1468 

.5117 

.  3656 

.1461 

.6097 
Mean 

.3662 

.1446 

.1462 

CHEMICAL  ANALYSIS. 


Copper.. 
Iron 


99.56 
a45 
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SMOKELESS  POWDEE. 

Compression  tests  were  made  upon  samples  one  diameter  long  each, 
with  flat  ends.  The  compressibilitj  of  the  material  was  determined 
by  means  of  paicrometer  observations  taken  over  all,  on  a  gauged 
length  extending  from  platform  to  platform  of  the  testing  machme. 
Loads  were  appfied  in  increments,  and  the  permanent  set  of  the  pow- 
der determined  upon  release  to  the  initial  load. 

Early  sets  were  foimd,  which  gradually  increased  as  higher  loads 
were  applied.  A  stage  was  reached  when  a  rapid  rate  of  compression 
occurrea,  followed  by  a  diminished  rate  which  continued  untu  cracks 
were  developed  in  the  material.  The  general  type  of  fracture  was  a 
lon^tudinal  crack  opposite  a  perforation  in  the  powder  grain,  extend- 
ing mward  radially  to  the  perforation,  and  followed,  as  the  distortion 
continued,  by  a  cu'cular  crack  through  the  circle  of  six  holes. 

Grains  were  selected  for  test  which  presented  smooth,  cylindrical 
surfaces,  and  for  comparison  those  which  had  wrinkled  or  corrugated 
surfaces,  attributed  to  differences  in  rate  of  drying.  The  period  of 
rapid  yielding  was  within  the  zone  of  7,000  to  10,000  pounds  per 
square  inch  compressive  stress.  Cracks  developed  underloads  rang- 
ing from  12,000  to  28,000  poimds,  and  more  complete  failure  of  the 
material  occurred  under  loads  ranging  from  about  14,000  to  34,000 
pounds  per  square  inch. 

A  specimen  from  the  central  part  of  a  grain  gave  results  within  the 
limiting  values  obtained  on  fun  dianaeter  grams  of  the  same  lot  of 

¥owder.  Initial  strains  were  found  in  each  of  the  lots  of  powder, 
'hin  rings,  about  ''.05±  thickness  of  walls,  which  were  taken  from 
the  outer  parts  of  the  grains,  were  cut  apart  radially.  The  ends  of  the 
rings  closed  in,  showing  that  internal  strains  of  compression  were  pres- 
ent in  the  outside  layers  of  the  grains.  A  ring  from  the  central  part  of 
a  grain  of  L  &  R  Lot  1,  1901,  12-inch  B.  L.  R.,  did  not  show  the  pres- 
ence of  strains.  When  first  cut  apart  the  several  rings  closed  m  an 
amount  about  eq[ual  to  the  thickness  of  the  saw  scan,  or  '^.024.  A 
subsequent  exammation  of  the  detached  rings  showed  the  internal 
strains  had  apparently  increased.  Rings  from  Du  Pont  powders, 
Lots  2  and  6,  for  8-inch  and  10-inch  B.  L.  R.,  and  L  &  R  Lot  1, 
12-inch  B.  L.  R.,  sprung  together  sufficiently  for  the  ends  to  overlap, 
the  latter  powder  showing  the  most  marked  effect,  where  the  over- 
lapping reached  '^.20.  The  inner  ring  of  this  last  lot  remained 
unchanged  when  reexamined,  no  internal  strains  having  manifested 
themselves.  • 
Examined  under  the  microscope  the  powder  appears  amorphous. 
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CoMPBESSioN  Tests  of  Smokeless  Powdbb. 

No.  1184. 

Sample  marked,  L  &  R,  Lot  1, 1901,  for  12^^  B.  L.  R. 

Length,  ''.789;  diameter,  ''.808. 

Seven  perforations  ''.073  diameter  each. 

Net  sectional  area,  .4834  square  inch. 


In  gauged  length. 

R«viarks. 

1 

Total. 

Per  square 

Compres- 
sion. 

Set. 

Pounds. 
600 
1,000 
1,500 
2,000 
21600 
3,000 
3,600 
4,000 
4,600 
7,500 
9,000 
10,000 

Pounds. 
1,030 
2,070 
3,100 
4  140 
6,170 
6,210 
7,240 
8,270 
9,310 
15,620 
18,600 
20,690 

Inch. 

a 

.0018 
.0034 
.0050 
.0068 
.0096 
.0200 
.0692 
.1860 
.40 

Inch, 

a 

Initial  load. 

Ciaok. 

Six  cracks  developed  opposite  perforations. 

,.... 

.0013 

.1731 

.30 
.47 

No.  1185. 

Sample  marked,  U.  S.  Navy,  for  12"  B.  L.  R.     From  battle  ship 
Iowa. 
Length,  ".694;  diameter,  ".695. 
Seven  perforations  ".086  diameter  each. 
Net  sectional  area,  .3388  square  inch. 


Applied  loads.             In  gauged  length. 

1 

Remarks. 

Total. 

Per  square    Compres- 
inch.      1      slon. 

Set. 

Powtds. 

500 
1,000 
1,500 
2.000 
2,600 
3,000 
3,400 
3,500 
4,000 
6,000 
6,000 
6,800 
7,000 
7,500 

Pounds. 

1,480 
2,950 
4,430 
6,900 
7,380 
8,860 
10,040 
10,330 
11,810 
14,760 
17,710 
20,070 
20,660 
22,140 

Inch. 

0. 

.0018 
.0043 
.0070 
.0118 
.0190 

Inch. 
0. 

Initial  load. 

Rapid  yielding. 

Cnusk. 

Four  cracks. 

Specimen  broke  up  into  ten  fragments. 

.0005 
.0010 
.0025 
.0048 

.1150 

.22 

.30 

.33 

.36 

.1021 

.31 
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No.  1186. 

Sample  marked,  International,  Lot  2,  1902,  10''  B.  L.  R. 

Length,  *.703;  diameter,  ''.695. 

Seven  perforations,  ".071  diameter  each. 

Net  sectional  area,  .3517  square  inch. 
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Applied  ]oa4B. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 
500 

•  1,000 
1,500 
2,500 
3,000 
3,500 
4,000 
4,500 
5,000 
6,000 
7,000 
7,800 

Pounds. 

1,420 

2,840 

4,270 

7,110 

8,530 

9,050 

11,370 

12,800 

14,220 

17,060 

19,900 

22,180 

Inch. 
0. 

.0020 

.0040 

.0114 

.0357 

.23 

.27 

.30 

.32 

.36 

.38 

Inch. 

0. 
.0001 
.0005 

.0028 
.0205 

Initial  load. 

Crack. 

General  rupture  of  specimen. 

No.  1187. 

Sample  marked,  Du  Pont,  Lot  6,  1901,  10''  B.  L.  R. 
Length,  ".692;  diameter,  ".680  to  ".704. 
Seven  perforations  ".073  diameter  each. 
Net  sectional  area,  .3467  square  inch. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
incQ. 

Compres- 
sion. 

Set. 

Pounds. 

500 
1,000 
1,500 
2,000 
2,500 
3,000 
4,000 
4,200 
4800 

Pounds. 
1,440 
2,880 
4;  330 
6,770 
7,210 
8,650 
11,540 
12, 110 
13,840 

Inch. 

0. 
.0029 
.0055 
.0006 
.0304 
.1738 
.20 
.22 

Inch. 

0. 

.0006 
.0011 
.0025 
.0186 
.1625 

Initial  load. 

Crack. 

Maximum  load  applied.  General  disintegra- 
tion followed  under  reduced  loads.  Ten  prin- 
cipal fragments. 

H.  Doc.  26,  5»-2- 
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SMOKELESS  POWDEB. 

No.  1188. 


Sample  marked,  Du  Pont,  Lot  2,  1901,  8"  B.  L.  R. 
Length,  ''.708;  diameter,  ".695  to  ".705. 
Sevens  perforations,  ".085  diameter  each. 
Net  sectional  area,  .3449  square  inch. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Indi. 

Compres- 
sion. 

Set. 

Pounds. 
500 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
4,900 
5,800 

Pounds. 

1,450 

2,900 

4,350 

6,800 

7,250 

8,700 

10,150 

11,600 

14,210 

16,820 

Inch. 

0. 
.0023 
.0051 
.0096 
.0176 
.0370 
.23 
.25 
.30 

Inch. 

0. 
.0013 
.0017 
.0028 
.0046 
.0210 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion.   Six  principal  fragments. 

No.  1189. 

Sample  marked,  Du  Pont,  Lot  3,  1900,  6"  Brown  Segmental. 

Length,  ".453;  diameter,  ".443. 

Seven  perforations  ".044  diameter  each. 

Net  sectional  area,  .1436  square  inch. 


Applied  loads. 

In  gauged  length. 

Total. 

Per  square 
InA. 

Compres- 
sion. 

Sot. 

Remarks. 

Pounds. 

100 

300 

500 

700 

1,000 

1,200 

1,400 

1,600 

1,800 

2.000 

2,500 

2,900 

3,600 

Pounds. 
700 
2,090 
3,480 
4,870 
6,960 
8,360 
9,750 
11,140 
12,540 
13,930 
17,410 
20.190 
26,070 

Inch. 

0. 
.0020 
.0035 
.0050 
.0085 
.0142 
.1048 
.15 
.17 
.20 
.23 
.25 

Inch. 
0. 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion; radiai  cracks  througli  perforations. 

.0005 

.0011 
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Sample  marked,  Du  Pont,  Lot  5,  1901,  6"  R.  F. 
Length,  ".445;  diameter,  ".429. 
Seven  perforations,  ".055  diameter  each. 
Net  sectional  area,  .1277  square  inch. 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
.  sion. 

Set. 

Pounds. 

100 

300 

500 

700 

1,000 

1,200 

1,400 

1,600 

1,800 

1,950 

2,500 

2,800 

Pounds. 

780 

2,350 

3,920 

6;  480 

7,830 

9,400 

10,960 

12,530 

14,100 

15,270 

19,580 

21,930 

Inch. 

0. 
.0020 
.0038 
.0046 
.0121 
.0455 
.1475 
.16 
.19 
.20 
.29 

Inch. 
0. 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion; radial  cracks  through  perforations. 

.0004 

.0033 

No.  1191. 

Sample  marked  L  &  R,  Lot  1,  1901,  12"  B.X.  R. 
Surface  of  sample  much  wrinkled. 
Length,  ".745;  diameter,  ".775  to  ".780. 
Seven  perforations,  ".082  diameter  each. 
Net  sectional  area,  .4377  square  inch. 


Applied  loads. 

Remarks. 

Totol. 

Per  square 
Indi. 

Compres- 
sion. • 

Inch. 
0. 

.0020 
.0040 
.0066 
.0120 
.0183 
.24 
.26 
.31 
.36 
.38 
.41 
.43 
.44 
.46 

Set. 

Pounds. 
500 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,800 
12,800 

Pounds. 

1,140 

2,280 

3,430 

4,670 

6,710 

6,860 

8,000 

9,140 

11,420 

13,710 

16,990 

18,280 

20,660 

22,850 

26,960 

29,240 

Inch. 

0. 

.0005 
.0008 
.0013 
.0030 
.0070 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion; three  cracks  through  perforations. 
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No.  1192. 


Sample  taken  from  the  central  part  of  piece  of  L  &  R,  Lot  No.  1, 1901. 
Length,  ''.358;  diameter^  ".35a. 
One  perforation,  ".078  diameter. 
Net  sectional  area,  .0959  square  inch. 


Applied  loftds. 

In  gauged  length. 

Remarks. 

TotaL 

Per  square 
Indi. 

Compres- 
sion. 

Set. 

Pounds. 

700 

1,600 

Pounds. 
7,300 
16,680 

Inch. 

Inch. 

Decided  yielding. 
Crack  opened. 

.18 

No.  1193. 

Sample  marked  L  &  R,  Lot  No.  1, 1901. 
Length,  ".774;  diameter,  ".800  to  ".817. 
Seven  perforations,  ".073  diameter  each. 
Net  sectional  area,  .4840  square  inch. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 
500 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
9,400 
11,700 

Pounds. 
1,030 
2,070 
3,100 
4,130 
6,170 
6,200 
7,230 
8,260 
19,420 
24,170 

Inch. 

0. 

.0019 
.0036 
.0067 
.0089 
.0129 
.0466 
.24 
.44 
.56 

Inch. 

0. 

.0004 
.0005 
.0009 

.0035 
.0336 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion; four  cracks  through  perforations. 
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No.  1194. 

Sample  marked  L  &  R,  Lot  1,  1901. 
Length,  ".767;  diameter,  ''.783  to  ".797. 
Seven  perforations,  ".073  diameter  each. 
Net  sectional  area,  .4608  square  inch. 
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Applied  loftds. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
indi. 

Compres- 
sion. 

Inch. 

0. 

.0015 
.0032 
.0053 
.0079 
.0163 
.0440 
.24 
.43 
.66 

Set. 

Pounds. 
500 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
8,400 
10,800 

Pounds. 
1,090 
2,170 
3,260 
4;  340 
5,430 
6.610 
7.600 
8,680 
18,230 
23,440 

Inch. 

0. 

.0002 
.0003 
.0005 
.0010 
.0051 
.0283 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion; five  cracks  through  perforations. 

^       No.  1195. 

Sample  marked,  L  &  R,  Lot  1,  1901. 
Length,  ".768;  diameter,  ".780  to  ".790. 
Seven  perforations  ".073  diameter  each. 
Net  sectional  area,  .4546  square  inch. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
500 
1.000 
1,500 
2,000 
2,500 
3,000 
3,500- 
4,000 
6,000 
6,500 
12,500 

Pounds. 
1,100 
2,200 
3,300 
4,400 
5,500 
6,600 
7,700 
8.800 
11,000 
14,300 
27,500 

Inch. 

0. 

.0020 
.0043 
.0061 
.0096 
.0140 
.0326 
.24 
.33 
.39 
.57 

Inch. 

0. 

.0002 
.0006 

.0011 
.0023 
.0035 
.0161 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion; six  cracks  through  perforations. 
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SMOKELESS    POWDER. 
No.  1196. 


Sample  marked,  International,  Lot  2,  1902,  10''  B.  L.  R. 
Length,  ".683;  diameter,  ".702. 
Seven  perforations  ".07  diameter  each. 
Net  sectional  area,  .3604  square  inch. 


Applied  loftds. 

In  ganged  length. 

Remarks. 

Totol, 

Per  square 
indi. 

Compres- 
sion. 

Set. 

Pounds. 
500 
■   1,000 
1,500 
2,500 
3,000 
4,000 
6,000 
6,700 
7^800 

Pounds. 
1,300 
2,770 
4,160 
6,940 
8,320 
11,100 
16,650 
18,500 
21,640 

Inch. 

0. 

.0020 
.0040 
.0118 
.1410 
.28 
.36 
.38 
.49 

Inch. 

0. 
.0003 
.0000 
.0028 
.1323 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion; three  cracks  through  perforations. 

No.  1197. 

Sample  marked,  International,  Lot  2,  1902,  10"  B.  L.  R. 
Surface  of  sample  wrinkled. 
Length,  ".689;  diameter,  ".666  to  ".713. 

Seven  perforations,  center  one  ".082  diameter,  and  six  outside  ones 
".069  diameter  each. 

Net  sectional  area,  .3459  square  inch. 


Applied  loads. 

In  ganged  length. 

Remarks. 

Total. 

Per  sqoare 
inch. 

Compres- 
sion. 

Bet. 

Pounds. 
500 
1,000 
1,500 
2,000 
2,500 
2,800 
2,800 
3,000 
4,000 
6,000 
7,800 
10,600 

Pounds. 
1,450 
2,890 
4,340 
5,780 
7,230 
8,090 
8,090 
8,670 
11,560 
17,350 
22,560 
30,640 

Inch. 

a 

.0020 

.0042 

.0075 

.0195 

.0370 

.1000 

.1900 

.31 

.37 

.41 

.56 

Inch. 

0. 

.0003 
.0005 
.0015 
.0084 

InitUl  load. 

After  sustaining  load  2  minutes. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion. 

.1815 
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No.  1198. 

Sample  marked,  Du  Pont,  Lot  6,  10"  B.  L.  R. 
Surface  of  sample  wrinkled. 
Length,  ".687;  diameter,  ".695  to  ".704. 
Seven  perforations  ".078  diameter  each. 
Net  sectional  area,  .3507  square  inch. 


279 


Applied  loads. 

In  gauged  length. 

Remarks. 

ToUI. 

Per  square 
inch. 

Pounds. 
i;430 
2.850 
4,280 
5,700 
7,130 
8,550 
11.410 
13,970 
1(1.250 

Compres- 
sion. 

Inch. 
0. 

.0024 
.0051 
.0088 
.1414 
.20 

Set. 

Inch. 

0. 

.0003 
.0008 
.0018 
.0290 

Pounds. 
500 
1.000 
1,500 
2,000 
2,500 
3,000 
4,000 
4.900 
5,700 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion.   Nino  principal  fragments. 

.28 
.30 
.44 



No.  1199. 

Sample  marked,  Du  Pont,  Lot  6,  1901,  10"  B.  L.  R. 

Surface  of  sample  smooth. 

Length,  ".695;  diameter,  '[.694  to  ".689. 

Seven  perforations  ".075  diameter  each. 

Net  sectional  area,  .3448  square  inch. 


Applied  loads.         |      In  gauged  length. 

Remarks. 

ToUl. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
500 

1,000 
1,500 
2,000 
2,500 
2,800 
3,000 
4,000 
5,400 
6,100 

Pounds. 
1,450 
2,900 
4,350 
6,800 
7.250 
8,120 
8,700 
11,600 
15,660 
17,600 

Inch. 

0. 

.0028 
.0055 
.0095 
.0280 
.0935 
.1845 
.29 
.32 
.45 

Inch. 

0. 
.0005 
.0010 
.0016 
.0143 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion,   six  principal  fragments. 

.1740 
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SMOKELESS  POWDER. 


No.  1200. 


Sample  marked,  U.  S.  Navy,  12"  B.  L.  R.,  from  battle  ship  lovxi. 

Length,  ''.685;  diameter,  '^.686. 

Seven  perforations  ".085  diameter  each. 

Net  sectional  area,  .3297  square  inch. 


1 

Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
500 
1,000 
1,500 
2,000 
2,500 
2,800 
3,000 
3.200 
3,500 
4,000 
5,000 
6,000 
6,500 
7,600 

Pounds. 
1,520 
3,030 
4.560 
6,070 
7,680 
8,490 
9,100 
9,710 
10,620 
12,130 
16,170 
18.200 
19,710 
23,050 

Inch. 

a 

.0028 

.0055 

.0064 

.0138 

.0260 

.0500 

.1340 

.19 

.23 

.28 

.33 

.34 

.45 

Inch. 

a 

.0006 
.0009 
.0016 
.0026 

Initial  load. 

Crack. 

Maximum  load  applied.    Qeneral  disintegra- 
tion.   Four  principal  fragments. 

.0031 

No.  1201. 

Sample  marked,  Du  Pont,  Lot  2,  1901,  8"  B.  L.  R. 

Surface  of  sample  smooth. 

Length,  ".680;  diameter,  ".683  to  ".703. 

SjBven  perforations  ".085  diameter  each. 

Net  sectional  area,  .3373  square  inch. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
500 
1,000 
1,500 
2,000 
2,500 
3.000 
4,000 
4,900 
6,000 
6,600 

Pounds. 

1,480 

2,960 

4,450 

6,930 

7.410 

8,800 

11,860 

14.630 

17.790 

19,570 

Inch. 

a  . 
.0022 
.0049 
.0079 
.0178 
.1526 
.24 
.29 
.37 
.48 

Inch. 

a 

.0004 
.0009 

.0048 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion.   Six  principal  fragments. 
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No.  1202. 
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Sample  marked,  Du  Pont,  Lot  2,  1901,  8''  B.  L.  R. 

Surface  of  sample  wrinkled. 

Length,  ".692;  diameter,  ".664  to  ".681. 

Seven  perforations  ".085  diameter  each. 

Net  sectional  area,  .3153  square  inch. 


Applied  loads. 

In  gauged  length. 

Total. 

Per  square 
Indi. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 
500 
1.000 
1,500 
2,000 
2,500 
3,000 
3,900 
6.000 
6,600 

Pounds. 
1,590 
3,170 
4,760 
6,340 
7,930 
9,610 
12,370 
15,860 
17,760 

Inch. 

a 

.0028 
.0066 

.0105 
.0365 

:g 

.38 
.49 

Inch. 

a 

.0005 
.0009 
.0018 
.0220 

Initial  load. 

Craok. 

Maximum  load  applied.    General  disintegm- 
tion.    Three  principal  fragments. 

No.  1203. 

Sample  marked,  Du  Pont,  Lot  3,  1900,  6"  Brown  S^mental. 

Length,  ".421;  diameter,  '^.426. 

Seven  perforations  ".052  diameter  each. 

Net  sectional  area,  .1278  square  inch.' 


Applied  loads. 

In  gauged  length. 

ToUI. 

Per  square 
incki. 

Compres- 
sion. 

Set. 

Remarks. 

Pounds. 
100 
300 

500 

700 

1,000 

1.200 

1,400 

Pounds. 
780 
2,350 
3,910 
6.480 
7.830 
9,390 
10.960 
12,520 
14,060 
15,650 
17,210 
19,560 
23.480 
28,950 
34.430 

Inch. 

0. 
.0019 
.0034 
.0048 
.0069 
.0200 
.1395 
.16 
.18 
.19 
.20 
.21 
.23 
.24 
.33 

Inch. 

0. 
.0001 
.0003 
.0006 
.0016 
.0989 



InltUl  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion. 

1,600 

2,200 
2.500 
3,000 
3,700 
4,400 
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SMOKELESS  POWDEB. 

No.  1204. 


Sample  marked,  Du  Pont,  Lot  3,  1900,  6'^  Brown  Segmental. 

Length,  ".424;  diameter,  ".433. 

Seven  perforations  ".052  diameter  each. 

Net  sectional  area,  .1326  square  inch. 


Applied  loiids. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
indi. 

Comprea- 
sion. 

Set. 

Pounds. 

100 

300 

500 

700 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

2,500 

3.000 

3,700 

4,200 

Pounds. 
750 
2,260 
3,770 
5,280 
7,540 
9,050 
10,560 
12,070 
13,570 
15,080 
18,850 
22,620 
27,900 
31,670 

Inch. 

0. 
.0026 
.0041 
.0060 
.0111 
.0280 
.1077 
.13 
.16 
.18 
.21 
.22 
.23 
.31 

Inch. 
0. 
.0006 

.0010 
.0024 
.0152 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion. 

No.  1205. 

Sample  marked,  Du  Pont,  Lot  5,  6"  R.  F. 
Length,  ".438;  diameter,  ".431  to"  .436. 
Seven  perforations  ".055  diameter  each. 
Net  sectional  area,  .1308  square  inch. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

100 

300 

500 

700 

1,000 

1,200 

1,400 

1,600 

1,800 

1,900 

2,300 

Pounds. 
760 
2,290 
3,820 
6,360 
7,660 
9,170 
10,700 
12,230 

Inch. 

0. 
.0019 
.0036 
.0066 
.0110 
.0698 
.15 
.16 

Inch. 

0. 
.0003 
.0004 
.0009 

.0500 

Initial  load. 

Crack. 

Maximum  load  applied.    General  disintegra- 
tion. 

13,760    ,          .18 
44,530              .19 

17,680 

.29 
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Sample  marked,  Du  Pont,  Lot  5,  6''  R.  F. 
Length,  ''.433;  diameter,  '^416  to  ".423. 
Seven  perforations  ".055  diameter  each. 
Net  sectional  area,  .1214  square  inch. 


Applied  loads. 

In  gauged  length. 

RemarlES. 

Total. 

Persou&re 
loch. 

Compres- 
sion. 

Set. 

Potvnds. 

100 

300 

500 

700 

1,000 

1,200 

1,400 

i,eoo 

1,800 
1,850 
2,300 

Pounds. 
820 
2,470 
4,120 
6,770 
8,240 
9,880 
11530 
13,180 
14,830 
15,240 
18,050 

Inch. 

0. 

.0019 
.0034 
.0058 
.0266 
.1125 
.16 
.18 
.20 
.21 
.33 

Inch. 

0. 
.0001 
.0004 
.0010 
.0158 

Initial  load. 

Craok. 

Mazlmom  load  applied.    General  disintegra- 
tion. 
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PISTON   RODS — ^BETRAOTION   ROPES. 

PROOF  STRESSES. 

Piston  Rods. 


Number 
of  rods. 


For~ 


Proof 

stresB 

applied. 


10 

8 
6 

1 
4 


6-ixioh  barbette  carriage,  model  1903 

ft-incb  diaappearing  carriage,  model  IWi. 

16-pouxider  mount 

10-mch  disappearing  carriage,  model  1896 
lO-inch  disappearing  carriage,  model  1901 


Potmdi. 
186,000 
44,000 

131,966 
100,000 
240,000 


Retraction  Ropes. 


Number 
of  ropes. 


For— 


Proof 
stress 
applied. 


85 
10 
33 
13 
» 


6-lnch  disappearing  carriage 

8-inoh  disappearing  carriage 

lO-inch  disappearing  carriage,  model  1886. 
10-inch  disappearing  carriage,  model  1901 
12-incli  disappearing  carriage 


Pounds. 

9,000 
9,000 
11,000 
15,000 
15,000 
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WHEELS   FOB   S-INOH   FIELD    0ABBIAGE8.  287 

Tests  of  Wheels  foe  3-Inch  Field  Carriages. 

Three  wheels  were  received  from  the  Bethlehem  Steel  Company 
and  three  from  the  Archibald  Wheel  Company. 

Two  wheels  of  each  make  were  tested  by  loads  applied  at  the  rims, 
at  four  places  equidistant,  in  the  manner  preceding  tests  have  been 
carried  out.  One  wheel  of  each  lot  was  tested  for  endurance  against 
repeated  deflections  by  applying  pressure  against  the  rim  at  one  place 
■and  running  the  wheel  defimte  numbers  of  times,  with  different 
amounts  of  sidewise  deflection. 

In  making  the  tests  by  repeated  deflection,  each  wheel  was  placed 
in  a  lathe  and  pressure  applied  at  the  rim  by  means  of  a  roller  mature. 
This  roller  was  crowded  against  the  rim,  in  the  first  1,000  rotations 
the  deflection  being  }  inch,  the  speed  of  rotation  being  about  7  per 
.  minute.  This  was  followed  by  a  second  nm  of  the  same  number  of 
rotations,  the  deflection  now  being  i  inch,  and  this  in  turn  was  suc- 
ceeded by  the  last  run,  in  which  the  deflection  was  increased  to  f 
inch.  In  all,  the  wheel  was  thus  rotated  3,000  times  in  an  xmdishing 
direction.  This  test  was  then  followed  by  similar  runs,  the  deflections 
now  being  in  the  direction  of  increasing  the  amoxmt  of  dishing. 

There  was  no  appreciable  injury  done  to  the  wheels  under  tne  runs 
of  }-inch  deflection.  With  deflections  of  i  inch  each  wheel  showed  a 
perceptible  movement  of  the  spokes  at  the  hub.  This  movement  was 
more  pronounced  when  the  deflections  were  increased  to  J  inch.  .  The 

Saint  was  disturbed  about  the  spokes  where  they  entered  the  hub 
anges.  There  was  a  sluggish  recovery  from  deflections  of  f  inch,  the 
Archibald  make  of  wheel  eventually  recovering  the  full  amount.  The 
Bethlehem  wheel  did  not  fully  recover  from  the  deflection  of  }  inch 
within  the  time  limit  of  the  observation.  The  latter  wheel  was  finally 
run  with  a  deflection  of  1  inch  in  an  undishing  direction,  the  recovery 
from  which  was  f  inch,  the  permanent  set  bemg  }  inch. 

It  appears  that  deflections  of  the  rim  at  one  place  result  in  percep- 
tible movement  of  the  spokes  in  the  hubs  in  each  make  of  wheel, 
when  the  deflection  reaches  or  exceeds  ^  inch  in  either  a  dishing  or  an 
imdishing  direction. 
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WHEELS   FOB  3-INOH   FIELD    CABRIAOE8. 


TESTS  OF  S'INCH  FIELD  CARRIAGE  WHEELS  RECEIVED  FROM 
BETHLEHEM  STEEL  COMPANY. 

Wheels  have  16  spokes  and  i ''  tires. 

Loaded  at  rims  at  four  points,  equidistant;  supported  at  hub. 

Loads  applied  in  an  undishing  direction. 

First  Wheel. 

Amount  of  dishing,  ^'.52  ± . 


*esr 

nutte  un- 
dishing 
movement. 

Remarks. 

Pounds, 

Inch. 

500 

0. 

Initial  load. 

1,000 

.07 

1,500 

.11 

2,000 

.18 

2,500 

.23 

• 

3,000 

.31 

3,500 

.30 

4,000 

.47 

Dishing  removed. 

4,500 

.58 

5,000 

.67 

5,«ao 

.76 

500 

.19 

• 

6,000 

.88 

6,«ao 

1.00 

500 

.25 

4,610 

.75 

500 

.25 

Hub  cap  tightened. 

500 

,27 

1,000 

.31 

2,000 

.44 

3,000 

.56 

4,000 

.70 

4,560 

.76 

6,310 

1.00 

500 

.27 

Second  Wheel. 
Amount  of  dishing,  ''.72;  hub  cap  tightened. 


i 

Approxi- 

1   AppUed 
loads. 

mate  un- 
dishing 

Remarks. 

movement. 

Pounds. 

Inch. 

500 

0. 

Initial  load. 

1,000 

.06 

1,500 

.10 

2,000 

.17 

2,500 

.31 

3,000 

.28 

3,500 

.33 

4,000 

.40 

4,500 

.50 

5,000 

.60 

5,500 

.72 

Dishing  removed. 

5,550 

.75 

6,000 

.00 

6,240 

1.00 

500 

.26 

4,560 

.75 

500 

.26 
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TESTS  OF  3-INCH  FIELD    CARRIAGE  WHEELS  RECEIVED  FROM 
ARCHIBALD  WHEEL  COMPANY. 

Wheels  have  16  spokes  and  i  ''  tires. 

Loaded  at  lims  at  four  points,  e(|uidistant;  supported  at  hub. 

Loads  applied  in  an  unaishing  direction. 


First  Wheel. 


Amoimt  of  dishing,  ".85. 


Approxi- 

AppUed 
loads. 

mate  un- 

dishing 

movement. 

Remarks. 

Pounds. 

Inch. 

500 

0. 

IniUal  load. 

1,000 

.05 

1,500 

.12 

2,000 

.20 

2,500 

.26 

3,000 

.33 

3,500 

.40 

4,000 

.47 

4,500 

.53 

5,000 

.60 

5,500 

.86 

Dishing  removed. 

5,750 

1.26 

Dishing  reversed  with  a  larching  movement; 
time. 

continuous  yielding  for  a 

500 

.32 

500 

.28 

5,000 

1.02 

500 

.36 

4,000 

.81 

500 

.36 

/ 

Secx)nd  Wheel. 


Amount  of  dishing,  ".77. 


Approxi- 

Applied 
loads. 

mate  un- 

dishing 

movement. 

Remarks. 

Pounds. 

Inch. 

500 

0. 

Initial  load. 

1,000 

.      07 

1,500 

.13 

2,000 

.18 

2,500 

.24 

3,000 

.30 

3,500 

.36 

4,000 

.42 

4,  .500 

.45 

5,000 

.48 

5,500 

.03 

Dishing  removed. 

5,500 

.88 

After  sustaining  load  20  minutes. 

500 

.29 

6,000 

.76 

5,000 

500 

4,000 

.79 
.29 
.74 

After  sustaining  load  6  minutes. 

500 

.29 

H.  Doc.  26,  5»-2- 
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290  WHEELS    FOR   3-INCH    FIELD    CARRIAGES. 

TESTS  OF  TWO  WHEELS  RECEIVED  FROM  THE  ARCHIBALD  WHEEL 
COMPANY,  LAWRENCE,  MASS. 

Description  of  the  Tests. 

Two  wheels  for  3-inch  carriages  were  received  from  the  Archibald 
Wheel  Company,  Lawrence,  Mass.  The  wheels  had  16  spokes  each, 
i-inch  tires,  witn  rim  or  felloe  2 J  inches  deep.  One  wheel  had  a  bent 
rim  of  two  sections,  the  other  an  eight-section  sawed  felloe. 

Thev  were  tested  by  loads  appliea  on  the  tires,  acting  diametrically 
inward,  first  applying  the  loaas  over  the  end  joints  of  the  rim  or  the 
felloe,  second  at  places  midway  the  length  of  the  rim  or  felloe.  The 
direct  inward  radial  movements  were  observed  along  the  loaded 
diameters,  and  the  induced  outward  radial  movements  along  diame- 
ters 90°  therefrom. 

Following  the  tests  of  these  two  wheels  of  2J-inch  depth  of  rim,  a 
test  was  made  of  wheel  No.  2  of  the  next  previous  lot  of  wheels  from 
the  Archibald  Wheel  Company  which  had  a  rim  2  J  inches  deep.  This 
wheel  had  previously  been  subjected  to  an  undishing  test  by  loads 
appUed  at  tne  rim  in  four  places. 

Discussion  of  the  Results. 

The  comparative  resistance  of  the  first  two  wheels  was  not  materi- 
ally different  against  loads  applied  diametrically  inward,  up  to  loads 
approaching  20,000  pounds,  so  far  as  pertained  to  the  relative  resist- 
ance of  the  rims.  In  the  case  of  the  sectional  felloes,  the  diametrical 
movement  was  augmented  under  the  higher  loads  by  the  bending  of 
the  spokes  near  the  point  of  application  of  the  loads,  referring  to  the 
tests  m  which  the  loads  were  applied  over  the  end  joints  of  the  rim  or 
felloe. 

In  the  succeeding  tests  where  the  loads  were  applied  midway  the 
joints  the  higher,  loads  caused  bending  of  the  spofces  of  the  bent  rim 
wheel,  wliich  resulted  necessarily  in  increased  diametrical  movement 
being  observed  at  this  stage. 

The  several  spokes  nearest  the  loaded  diameters  sustained  the 
stresses  generally  with  very  slight  or  hardly  perceptible  movement 
inward  in  the  hub  flanges.  Each  wheel  seemed  strong  in  respect  to 
the  movement  of  the  spokes  witliin  the  hubs,  movements  not  exceed- 
ing ".01  to  ''.03  occurrmg  where  such  were  observable.  • 

The  dishing  of  the  wheels  remained  without  sensible  change,  show- 
ing that  pressure  applied  as  a  direct  downward  load  does  not  result  in 
overloading  the  hub  flanges. 

The  retest  of  the  bent-rim  wheel  of  2J-inch  depth  of  rim  showed 
lower  resistance  of  this  wheel  in  comparison  with  those  of  2 {-inch 
depth  of  rim  in  both  positions  of  loading.  The  lighter  rim  of  this 
wheel  sprung  awav  from  contact  with  the  ends  of  the  spokes  remote 
from  the  place  of  loading. 
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TESTS  OP  TWO  WHEELS  RECEIVED   FROM  THE   ARCHIBALD  WHEEL  COM- 
PANY, LAWRENCE,  MASS. 


DlMStW  A 


16-spoke  wheel;   i-inch  tire. 
Bent  rim;  2  pieces;  depth  of  rim  2}^, 
Loaded  on  diameter  A. 

Movements  observed   on  diameter  A  were  inward,   radially;  on 
diameter  B  outward,  radially. 


Applied 
loads. 


Pound*. 
500 
1,000 
1,500 
2,000 
2,500 
3,000 
3,  £00 
4.000 
4,500 
5.000 
5,500 
6,000 
6,500 
7,000 
7,500 
8,000 
8,500 
9,000 
9,500 
10,000 
10,500 
11,000 
11,500 
12,000 
12,500 
13,000 
13,500 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
25,000 
500 


Movement  of  diameter— 

Remarks. 

A. 
Inch. 

a 
a 

0. 
0. 
0. 

a 
a 

.01- 

.01 

.01+ 

.02 

.02+ 

.03 

.05 

.06 

.07 

.08 

.09 

.10 

.12 

.14 

.15 

.16 

.18 

.21 

.24 

.26 

.28 

.30 

.35 

.40 

.45 

.50 

.58 

.87 

.38 

B. 
Inch. 

a 

1 
Initial  load.                                                                                  | 

• 

« 

a 

Joints  at  inside  of  rim  open  *.ll  each. 
Spolros  moved  inward  in  hub  at  one  side. 

a    + 

.02+ 

.15 
.07 
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292  WHEELS    FOR   3-INCH    FIELD    CARRIAGES. 

Wheel  rotated  one-fourth  turn  and  loaded  on  diameter  B. 


AppUed 

Movement  of  diameter— 

loads. 

B. 

A. 

Inch. 

a 

Pounds. 
500 
1,000 
2,000 
3,000 
4.000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
14,000 
16,000 
18,000 
20,000 
25,000 
500 

Inch. 

a 
a 
a 
a 

.01- 

.014- 

.024- 

.06 

.06 

.08 

.10 

.14 

.15 

.20 

.26 

.35 

.43 

.78 

.43 

Ilemarks. 


Initial  load. 


Two  adjacent  spokes  Ixitnt  abreast  whore  load  was  applied. 
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(teatteclB  Jolato 
betvMfB  fblloe  aeotlona 


Ohamtm  A 


/  \ 


16-spoke  wheel,  i-inch  tire. 

Eight-section  sawed  felloe;  depth  of  felloe,  2 J  inches. 

Loaded  on  diameter  A. 


I  Movement  of  dlameter- 

I 

A. 


Applied 
loads. 


I 


Pounds. 

500 

1,000 

2,000 

3,000 

4.000 

5.000 

6,000 

7,000 

8,000 

9,000 

10,000 

12,000 

14.000 

16,000 

18,000 

20,000 

25,000 

500 


Inch. 

a 
a 
a 

.01- 
.01 
.02 
.05 
.07 
.10 
.12 
.14 
.19 
.27 
.34 
.47 
.57 
1.08 
.51 


B. 


Inch. 
0. 


Remarlcs. 


Initial  load. 


0.        I  Joints  in  felloe  opened '.01  each  at  ends  of  loaded  diameters. 


.00 


Joints  in  felloe  open  '.08  each. 
Two  spokes  l)cnt. 


Wheel  rotated  three-sixteenths  and  loaded  on  diameter  C. 


k  T^ri1  loH      Movement 


Remarlcs. 


Pounds. 

Inch. 

500 

0.              Initial  load. 

1.0(X) 

0. 

2,000 

0. 

3,000 

.01- 

1         4,000 

.01-f 

;          5,000 

.a3 

6.000 

.05 

7,000 

.06 

8.000 

.08 

9,000 

.10 

10.000 

.11 

12,000 

.16 

14,000 

.19 

16,000 

.24 

18.000 

.30 

20,000 

.37 

26.000 

.60 

500 

.26 
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WHEELS    FOB   3-INCH    FIELD    CARRIAGES. 


Archibald  wheel  No.  2,  of  previous  lot. 
16-spoke  wheel;  J-inch  tire;  2J-inch  rim. 
Loaded  over  end  joints  of  rim. 


Applied 
loads. 


Pound*. 

500 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

12,000 

14,000 

16,000 

18,000 

20,000 

25,000 

500 


Movement  of  diameter— 


Inch. 

a 
a 
a 

.01- 

.02 

.07 

.11 

.16+ 
.20 
.24 
.27 
.36 
.48 
.50 
.75 
.90 
1.33 
.76 


Inch. 

a 


.10 


Remarks. 


Initial  load. 


Opening  of  joint  in  rim,  '.06. 


Rim  began  to  split  at  each  end 
Rim  left  all  but  4  spokes. 


Wheel  rotated  one-fourth  turn  and  loaded  on  diameter  B,  midway 
length  of  half  rim. 


AppUed 
loads. 

Movement  of  diameter— 

Remarks. 

A. 

B. 

Pounds. 

500 

1,000 

2,000 

3,000 

4,000 

6,000 

6,000 

7,000 

8,000 

9,000 

10,000 

12,000 

14,000 

16.000 

18,000 

20,000 

25,000 

500 

Inch. 

a 

Inch. 
0. 

a 

.01- 
.014- 

Initial  load. 

Rim  leaves  ends  of  spokes. 
3  spokes  have  decided  Ijend. 

.05 
.08 
.11 
.14 
.18 
.21 
.26 
.34 
.45 
.50 
.72 
.83 

L33 

.77 
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RAILROAD   MATERIAL. 
STEEL  RAILS  FROM  BOSTON  ELEVATED  RAILWAY. 
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Pieces  6  feet  long  each  from  two  worn  rails,  furnished  by  Mr.  C.  S. 
Sergeant,  vice-president  Boston  Elevated  Railway  Company. 


Rail  branded:  ^^235  Marvland  111111  02/' 

Taken  out  of  northern  half  of  reverse  curve,  leaving  Park  street, 
south  bound. 

Inside  rail,  put  in  December  30,  1902. 
Relaid,  January  5,  1904. 
Life  of  rail,  370  days. 

Transverse  Test,  with  Head  on  the  Tension  Side. 

Total  height,  4.73  inches. 

Distance  to  neutral  axis  from  top  of  rail,  2.63  inches. 

Moment  of  inertia  =  23.1. 

Ends  supported  24  inches  apart ;  loaded  at  the  middle. 

Ultimate  strength,  total pounds. .  159,000 

Modulus  of  rupturt*,  per  square  Inch do 108,620 

Appearance  of  fracture,  granular,  radiating  from  a  point  on  the  side 
of  the  rail  at  the  top  surface  of  the  head. 

Rail  bent  through  an  angle  of  2J°  at  time  of  fracture. 

Transverse  Test,  with  Base  on  the  Tension  Side. 

Ultimate  strength,  total pounds. .  246,000 

Modulus  of  rupture,  per  square  Inch do 168,050 

Appearance  of  fracture,  granular,  radiating  from  a  point  in  the  base 
near  the  center  of  the  cross  section  of  one  flange. 
Rail  bent  through  an  angle  of  7°  at  time  of  fracture. 
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RAILROAD   MATERIAL. 


Rail  branded:  "Cambria— 85  lbs.— No.  531—1903  111." 
Outer  rail  at  ScoUay  Square,  south  bound. 
Put  in  track,  April  10,  1903. 
Taken  out,  December  31,  1903. 
Life  of  rail,  261  days. 

Transverse  Test,  with  Head  ok  the  Tension  Side. 

Total  height,  4.59  inches. 

Distance  to  neutral  axis  from  top  of  rail,  2.62  inches. 

Moment  of  inertia  =  20.93. 

Ends  supported  24  inches  apart;  loaded  at  the  middle. 

Ultimate  strength,  total poands. .  166,000 

Modulus  of  rupture,  per  square  Inch do 125, 350 

Appearance  of  fracture,  granular,  radiating  from  a  point  on  side  of 
head. 

Rail  bent  through  an  angle  of  3°  at  time  of  fracture. 

Transverse  Test,  with  Base  on  the  Tension  Side. 

Maxlmam  load  applied pounds. .  220,000 

Maximum  fiber  stress,  per  square  Inch do. . . .  166, 240 

Test  discontinued;  rail  not  fractured. 
Rail  bent  through  an  angle  of  13°. 
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Manganese  (Cast)  Steel  Rail. 
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Length  of  specimen,  6  feet. 

Total  weight.  211.5  pounds. 

Rail  branded:  *' Taylor  Iron  &  Steel  Co.  Manganese  Steel.  Wm. 
Wharton  Jr.  &  Co.,  Inc.,  Philadelphia,  Pa.'' 

The  manganese-steel  rail  represents  metal  in  use  in  the  tracks  of 
the  Boston  Elevated  Railway  Company,  where  it  has  displayed 
phenomenal  resistance  against  wear.  The  rails  in  the  tracks  occupy 
a  place  on  a  curve  in  the  subway  where  exceptional  wear  has  occurred, 
the  average  life  of  a  carbon-steel  rail  having  been  44  days  at  this 
place.  During  this  time  the  heads  of  carbon-steel  rails  have  been 
worn  down  about  '.065. 

The  manganese  steel  has  been  in  use  4  years  5  days,  with  a  loss  in 
metal  from  the  head  of  the  rail,  due  to  wear,  of  only  '.029.  Its  life  has 
reached  that  of  about  33  carbon-steel  rails,  witn  serviceability  not 
yet  impaired. 

This  test  rail  was  contributed  by  Messrs.  Harrington,  Robinson  & 
Co.,  Boston,  Mass.  In  composition  and  treatment  it  is  believed  to  be 
like  the  metal  in  the  track. 
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Transverse  Test,  with  Base  on  the  Tension  Side. 

Total  height,  5.16  inches. 

Distance  to  neutral  axis  from  top  of  rail,  2.84  inches. 

Moment  of  inertia  ^=36.875. 

Ends  supported  54  inches  apart;  loaded^at  the  middle. 


Applied  loads.        | 


Total. 


I 


Poundt. 
2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 
18,000 
20.000 
22,000 
24,000 
26,000 
28.000 
30,000 
32,000 
34,000 
36.000 
38.000 
40,000 
42,000 
44,000 
46,000 
48.000 
50.000 
52,000 
54.000 
56,000 
58.000 
60,000 
62.000 
64,000 
68,000 
72,000 
76,000 
80,000 
84.000 
88,000 
92.000 
96,000 
100,000 
104.000 
108,000 
111,500 


Modulus 
of  rup- 
ture per 
square 
inch. 


Deflec- 
tions. 


Pounds. 


Inch. 

0. 

.0110 
.0197 
.0288 
,0372 
.0446 
.0536 
.0615 
.0695 
.0774 
.0860 
.0939 
.1024 
.1102 
.1190 
.1282 
.1363 
.  H.^ 
,1546 
.1645 
.17.50 
.1852 
.19()() 
.2085 
.2210 
.2347 
.2485 
.2641 
.28a3 
.2981 
.3185 
.3396 


Deflec- 
tion sets. 


115.930 


Inches. 
0. 


.0030 


.0051 


.0079 


.0147 


.0335 


.0735 


.15 

.20 

.30 

.43 

.65 

.97 

1.40 

1.89 

2.57 

3.15 

4.00 

4.98 


Remarks. 


Initial  load. 


XJltimate  strength. 


Appearance  of  fracture,  granular;  irre^lar  surface. 
Rail  bent  through  an  angle  of  21°  at  time  of  fracture. 
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SECTIONS  SHOWING  THE  COMPARATIVE  WEAR  OP  ORDINARY  STEEL 
RAILS  AND  MANGANESE-STEEL  RAILS,  LAID  ON  THE  OUTER  SOUTH 
HALF  OF  REVERSE  CURVE  ENTERING  PARK  STREET  STATION,  SOUTH 
BOUND,  BOSTON    SUBWAY.      RADIUS,  82   FEET. 

Section  of  rail  laid  March  13  and  removed  April  26,  1902;  com- 
mercial rail. 


Section  of  manganese-steel  rail  laid  April  26,  1902;  section  taken 
May  1,  1906 — 1,466  days,  or  4  years  and  5  days. 


i 


029 


1466  Days  wear 
1langan«66  Steel 


Graphic  illustration  showing  comparative  wear  of  ordinary  and 
manganese  steel  for  1,466  days. 


I,- 


029 
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TENSILE  TESTS  OF  SPECIMENS   FROM   MANGANESE-STEEL   SWITCH  RAIL 
FROM    THE   BOSTON    ELEVATED  RAILWAY  COMPANY. 

Specimen  drawn  down  from  fraginent  of  rail  after  fracture  by 
transverse  test.     Annealed  after  drawing  down. 


85;6 


Sectional  area,  1''.26X''.28  =  .3528  square  inch. 
Tensile  strength,  total,  47,300  pounds. 
Tensile  strength  per  square  inch,  134,070  pounds. 
Area  at  fracture,  I''.  16  X".2d  =  .29  square  inch. 
Contraction  of  area,  17.8  per  cent. 

Appearance  of  fracture,  fine  granular,  shghtly  lammelar. 
Cross-section  dimensions,  after  fracture  and  remote  from  place  of 
fracture,  1M6X''.26. 
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Specimen  drawn  down  from  fragment  of  rail  after  fracture  b}^ 
transverse  test.  Worked  at  a  low  red  heat,  reheated,  and  annealed 
in  sand. 


39:5 


Tested   in   the  forged   condition.     Metal   too   hard   to   admit   of 
machining. 

Sectional  area,  V,62  X''.42  =  ,68  square  inch. 
Gauged  length,  6''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Pounds. 

Elonga- 
tion. 

Inch. 

Set. 
Inch. 

Pound*. 

680 

1,000 

0. 

0. 

Initial  load. 

3,400 

5,000 

.0008 

0. 

6,800 

10,000 

.0018 

0. 

10,200 

15,000 

.0028 

0. 

13,600 

20.000 

.0038 

0. 

17,000 

25,000 

.0040    •        0. 

20,400 

30,000 

.0057 

0. 

23,800 

35,000 

.0068 

0. 

27,200 

40.000 

.0079 

0. 

30,600 

45,000 

.0089 

.0001 

34.000 

50,000 

.0102 

.0004 

37,400 

55,000 

.0119 

.0009 

40,800 

60,000 

.0144 

.0024 

44,200 

65,000 

.0184 

.0054 

47,600 

70,000 

.0254 

.0114 

51,000 

75,000 

.0365 

.0212 

54,400 

80,000 

.0572 

.0404 

57.800 

85.000 

.0730 

.av>i 

61.200 

90.000 

.  109.) 

.0894 

64.  (XX) 

9.5,000 

.1400 

tiS.OOO 

100,000 

.  1945    1          .  1696 

10,000 

.1714    1     - 

20,000 

.  17.% 



:«).ooo 

40.000 
50.000 
60,000 

.  1779 

..       .   . 

.1800 
.1823 

.w.ooo 

40,000 

.1801 
.1780 

:«).ooo 

20.000 

10,000 

110,000 

0 

.1760 

Tcnslio  Btivngth. 

=  5.5  per  cent  olongation  in  16*'. 

.1738 
.1716 

.U)96 

74.800 

0 

.88 

F:iongation  of  inch  sections:  ".07,  ''.06,  ^".06,  ''.O?,  \06,  ''.06,  ''.03, 
^04,  ^05,  ".05,  ".05,  ",07,  ".04,  ".09*,  ".05,  ".03. 

Area  at  fracture,  1".56X".41  =  .64  square  inch. 

Contraction  of  area,  5.9  per  cent. 

Appearance  of  fracture,  fine  granular,  radiating  from  the  center  of 
the  oar. 
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RAILBOAD    MATERIAL. 


TRANSVERSE,   TENSILE  AND  HARDNESS    TESTS   OF  STEEL   RAILS 
RECEIVED  FROM  THE  BOSTON  ELEVATED  RAILWA  Y  COMPANY. 

Transverse  Tests. 

Test  No.  754. 

TREATED  RAIL. 

Branded  ^'Cambria  85  lbs.     No.  531, 1903  1111." 

Length,  144''.65. 

Weight,  269  pounds;  85  pounds  per  yard. 

Height,  5''.  19. 

Width  of  head,  2''.55. 

Width  of  base,  5^^.16. 

Thickness  of  web,  '^.57. 

Distance  between  end  supports,  54  inches. 

Loaded  at  the  middle,  on  the  base. 


Total  ap- 
plied loads. 

Deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Pounds. 
2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14.000 
18,000 
17,000 
18,000 
20,000 
21,000 
22,000 
24,000 
26,000 
28,000 

ao,ooo 

32,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
fiO,000 
62,000 
64,000 
66,000 
68,000 
60,000 
62,000 
64,000 
66,000 
67.000 
68,000 
69,000 
70,000 
72,000 
73.000 
74,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
84,000 
86,000 

Inch. 

0. 

0. 
.01 
.02 
.03 
.04 
.05 
.07 
.08 
.09 
.09 
.10 
.10 
.11 
.11 
.12 
.13 
.14 
.15 
.17 
.19 
.19 
.20 
.20 
.21 
.22 
.22 
.24 
.26 
.28 
.29 
.30 
.30 
.31 
.36 
.37 
.38 
.39 
.40 
.41 
.42 
.44 
.50 
.61 
.53 
.56 
.59 
.61 
.62+ 
.70 
.77 

Inch. 
0. 

Initial  load. 

.23 
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Total  ap- 
pUed  loads. 

Deflec- 
tions. 

Deflection 
sets. 

Remarks. 

Pounds, 
88,000 
90,000 
92,000 
94,000 
96,000 
98.000 
100.000 
102.000 
104,000 
109,500 

Inches, 
.85 
.92 
1.00 
1.09 
1.20 
1.29 
1.40 
1.50 
1.61 

Inch, 

UlUmate  strength. 

.61 

Granular  fracture,  beginning  from  a  point  near  the  middle  of  the 
width  of  the  head,  and  1}  inches  below  the  top  surface  of  the  head. 

H.  Doc.  26.  59-2 20 


Digitized  by  VjOOQ IC 


806 


R/^ILBOAD   MATERIAL. 


UNTREATED  RAIL. 

Branded  "285  Maryland  111111  02/' 

Length,  11 4". 05. 

Weight,  267  pounds;  84  pounds  per  yard. 

Height,  5''.21. 

Width  of  head,  2''.57. 

Width  of  base,  5''.22. 

Thickness  of  web,  '^.57. 

Distance  between  end  supports,  54^^. 

Loaded  at  the  middle,  on  the  base. 


Total  ap- 
plied loads. 

Defleo-     1  Deflection 
tions.      1       sets. 

Remarks. 

Pounds. 
2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92.000 
94,000 
96,000 
98,000 
100,000 
102,000 
104,000 
110,000 
120,000 
130,000 
132,000 

Inches. 

0. 

0. 
.01 
.02 
.03 
.04 
.05 
.06 
.07 
.08 
.09 
.10 
.11 
.11  + 

•  .12 

Inch. 
0. 

Initial  load. 

' 

Maximum  load  applied. 

.13 
.14 
.15 

.17 

.18 
.19 
.20 
.20 
.21 
.21 
.21 
.22 
.23 
.24 
.25 
07 

'.h 

.29 

.30 

.31 

.34 

.39 

.40 

.42 

.45 

.49 

.51 

.54 

.61 

.69 

.77 

.83 

.95 

1.01 

1.10 

1.21 

1.35 

1.47 

1.58 

1.69 

2.11 

3.09 

4.68 

6.10 

.01 

.19 

.51 

Rail  deflected  until  space  in  the  testing  fixture  was  exhausted. 
The  test  was  then  discontinued,  the  rail  not  fractured. 
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BAILBOAD    MATERIAL. 
TESTS  FOR  HARDNESS, 


Tests  for  hardness  were  made  by  means  of  a  pyramidal  indenting 
tool.  The  relative  hardness  is  taken  inversely  as  the  amount  of 
metal  displaced  by  the  indenting  tool  under  a  given  pressure. 

In  these  observations  the  cuts  of  the  indenting  tool  were  made  with 
a  pressure  of  10,000  pounds.  The  locations  of  the  cuts  on  the  rails 
and  relative  hardness  of  the  metal  are  shown  as  follows: 

Treated  Rail. 


Location  of  the  out  of  the  indenting  tool. 


On  head  of  rail,  running  surface 

Do 

End  of  head 

Do 

End  of  web 

End  of  base 

Do 


Relative 
hardness. 


/  09.12 
\  45.64 
66.89 
38.60 
38.34 
33.50 
22.52 
20.14 


Untreated  Rail. 


^         Location  of  cut  of  indenting  tool. 

Relative 
hardness 

On  head  of  rail,  running  surface , . , - , 

27.32 
26.99 
25.43 
23.84 
26.35 
23.98 
26.20 
26.67 

Do 

Do 

End  of  head 

Do , 

End  of  web 

End  of  base 

Do 
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Transverse  Tests  op  Rail  Head. 


8?61 


Top  of  head  on  the  tension  side. 

Ends  supported  20  inches  apart;  loaded  at  the  middle. 

Ultimate  strength,  total,  13,000  pounds. 

Second  Specimen. 

Top  of  head  on  the  tension  side. 

Ends  supported  1 1  inches  apart ;  loaded  at  the  middle. 

Ultimate  strength,  total,  17,000  poxmds. 

Third  Specimen. 

Top  of  head  on  the  tension  side. 

Ends  supported  7  inches  apart ;  loaded  at  the  middle. 

Ultimate  strength,  total,  21,000  pounds. 

Appearance  of  fractures,  granular,  radiating  from  a  dark-colored 
spot  about  1''X''.2,  at  upper  inside  comer  of  head.  These  dark- 
colored  spots  indicate  the  presence  of  incipient  cracks  which  had 
penetrated  the  metal  of  the  nead,  extending  downward  from  the  run- 
ning surface  of  the  rail. 

TENSILE  TEST  OF  METAL  FROM  ONE  OF  THE  FRAGMENTS  AFTER  THE  TRANSVERSE 

TEST. 
Stem  ".  505  diameter,  by  2"  long. 

Elastic  limit  per  square  inch pounds. .       62, 500 

Tensile  strength  per  square  inch do 118,000 

Elongation per  eont. .  17. 5 

Contraction  of  area do 'J4 

Elongation  of  inch  sections '.  21*,  *.  14 

Appearance  of  fracture slllcy  and  fine  granular  metal  interspersed. 

The  running  surface  of  the  head  of  the  rail  was  roughened  during 
service  in  the  track.  The  short  cracks  in  the  metal  of  the  heaci, 
which  appear  as  dark-colored  spots  on  the  surface  of  the  transverse 
fractures,  seem  to  have  resulted  from  the  service  conditions  which 
accompanied  and  followed  the  roughening  and  flow  of  the  surface 
metal. 

The  accompanying  photographs  show  the  appearance  of  the  run- 
ning surface  and  the  dark  spots  on  the  fractures  of  transverse  tests. 
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HAEMET  STEEL  INGOT. 

Nickel-Steel  Ingot,  Fluid  Compressed  by  the  Habmet  Pbocess. 

The  ingot  was  cast  in  March,  1905,  at  the  Oberbilker  Steel  Works, 
Dusseldort,  Germany.  Its  weight  was  33,550  pounds,  and  it  had  the 
following  approximate  composition: 

Carbon 19 

Manganese 08 

Nickel 3.30 

Phosphorus 032 

The  casting  data  were: 

H.  m. 

Began  pouring  the  metal 12     4 

Began  fluid  compression 12    22 

End  of  fluid  compression 5    40 

Mold  removed 6     6 

Interval,  commencement  of  pouring  until  fluid  compression  began 18 

Duration  of  fluid  compression 5    18 

Commencement  of  pouring  imtil  removal  of  mold 6      1 

Briefly  described,  the  Harmet  process  of  fluid  compression  consists 
of  subjecting  the  metal,  immediately  after  casting,  to  radial  com- 
pression an(f  longitudinal  flow,  which  is  accomplished  by  forcing  the 
metal  along  a  tapering  mold,  from  the  larger  toward  the  smaller  end. 
Two  hydraulic  pistons  are  used,  one  below  and  one  above  the  mold. 
The  lower  and  larger  end  of  the  mold  is  made  with  parallel  sides  for  a 
distance,  this  portion  being  fitted  with  a  plunger,  which  is  supported 
by  the  lower  piston.  After  pouring  the  metal,  the  smaller  end  of  the 
mold  is  closed  by  means  of  the  top  piston.  The  lower  piston  is  now 
brought  into  action,  forcing  the  metal  upward  against  the  top  piston, 
and  at  the  same  time  an  inward,  radial  compression  of  tne  ingot 
occurs,  caused  by  the  tapering  shape  of  the  mold.  There  is  a  gradu- 
ated application  of  pressure  with  the  lower  piston,  the  full  pressure 
available  being  applied  only  when  approaching  the  end  of  the  interval 
in  which  the  ingot  remains  in  the  mold.  The  advance  of  the  ingot 
along  the  mold,  however,  is  more  rapid  during  the  early  stages  after 
pourmg  than  at  the  close  of  the  operation.  The  ingot  is  kept  under 
pressure  until  the  temperature  nas  dropped  to  about  1,500°  F., 
when  the  lower  piston  is  retracted  and  the  ingot  then  pushed  down 
and  freed  from  the  sides  of  the  mold  by  means  of  the  top  piston. 

In  the  examination  and  tests  pf  this  ingot  specimen  slices  were 
taken  diametrically  from  the  upper  and  lower  halves,  the  upper  one 
being  taken  out  at  right  angles  to  the  lower  one.  Tnere  was  also  a 
transverse  slice  from  one-half  of  the  ingot  at  the  middle  of  its  length. 
From  these  slices  126  tensile  specimens  have  been  prepared  and 
tested.  Of  this  number  92  were  tested  in  the  natural  state  of  the 
ingot,  30  were  annealed,  and  4  were  forged  and  annealed. 

The  specimens  were  taken  out  in  general  directions  longitudinally 
and  transversely,  with  reference  to  the  axis  of  the  ingot.  Some 
closely  followed  these  general  directions,  while  others  were  parallel 
and  at  right  angles,  respectively,  to  the  columnar  structure  shown 
by  the  metal  of  the  ingot,  and  which  made  with  the  sides  an  aver- 
age angle  of  about  16°  with  a  normal  plane. 
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Photograph  No.  1  is  a  view  of  the  sUce  from  the  upper  half  of  the 
ingot.  The  columnar  structure  of  the  ingot  is  shown  bv  the  light- 
colored  lines  which  slope  upward  from  each  side  toward  tlie  center  of 
the  slice.  At  the  dome-shaped  top  corresponding  lines  are  found 
normal  to  the  curved  surface.  The  upward  slope  of  these  columnar 
lines  is  taken  as  evidence  of  the  greater  longituainal  flow  of  the  suc- 
cessive layers  of  metal  in  passing  from  the  sides  of  the  ingot  toward 
the  center,  as  it  occurred  during  the  process  of  fluid  compression. 

There  were  structural  defects  present,  distributed  generally 
throughout  the  slice — short  lines  or  streaks  where  the  contmuity  of 
the  metal  was  impaired  or  lacking.  These  lines  of  structural  unsound- 
ness followed  courses  parallel  to  the  lines  of  colunmar  structure. 
The  surface  of  this  slice  presented  135  such  lines,  in  lengths  up  to  1 J 
inches.  Photograph  No.  2  shows  the  longest  one  of  these.  A  similar 
appearance  characterized  the  slice  from  the  lower  half  of  the  ingot. 

Tensile  specimens  w^hich  were  taken  parallel  to  the  columnar  struc- 
ture were,  m  general,  superior  to  those  which  were  taken  crosswise. 
The  lines  of  structural  unsoundness  developed  into  open  cracks  in  the 
tension  tests,  which  made  their  appearance  under  comparatively 
early  loads,  and  located  the  place  of  final  rupture.  Specimens  which 
had  these  defects  parallel,  or  nearly  so,  to  their  stems  gave  results 
above  those  in  which  the  defects  were  more  nearly  normal  to  the 
direction  of  the  pulling  loads. 

Accompanying  the  details  of  the  tests  are  photographs  showing 
cracks  which  developed  during  the  process  of  testing,  and  a  specimen 
in  which  the  columnar  structure  of  the  ingot  is  shown  by  oblique  lines 
across  its  stem.  These  lines,  which  were  masked  by  the  finishnig  cuts 
in  the  lathe,  were  brought  into  prominence  by  tensile  stresses  causing 
permanent  set  of  the  metal.  About  60  per  cent  of  the  tensile  speci- 
mens displayed  cracks  in  their  stems  after  testing,  representing 
structural  defects  in  the  ingot. 

Annealing  the  steel  modified  the  shape  of  the  strcvss-strain  curve, 
and  usuallyTbrought  about  a  well-defined  elastic  limit.  In  the  natural 
state  of  the  ingot  there  was  a  progressive  development  of  sets,  whicli 
left  the  elastic  limit  vague  and  indefinite.  No  direct  beneficial  influ- 
ence on  the  structural  oefects  of  the  ingot  was  traceable  to  the  process 
of  annealing. 

Specimens  which  were  taken  from  the  slices  immediately  below  the 
surface  of  the  ingot  generally  displa\'ed  high  tensile  strength. 

The  four  test  pieces  which  were  forged  down  under  the  hammer  and 
annealed  gave  results  but  little  higher  in  tensile  strength  than  the 
highest  untreated  specimen,  but  with  a  greater  display  of  elongation 
and  contraction  of  area. 
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TENSILE  TESTS  OF  SPECIMENS  FROM  HARMET  STEEL  INGOT.  . 

Slice  from  Upper  Half. 

No.  8136. 
Marks,  A. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6''. 
A  crack  existed  in  the  stem  prior  to  testing,  near  middle  of  length. 


AppUed 

loads  per 

8quare 

Inch. 

In  gauged  length. 

Remarks. 

1 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 

5,000 
10.000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30.000 
31,000 
32,000 
32,600 
0 

Inch. 
0. 

.0006 
.0016 
.0019 
.0021 
.0023 
.0025 
.0027 
.0029 
.0031 
.0032 
.0034 
.0036 
.0037 
.0039 
.0041 
.0043 
.0045 
.0048 
.0a50 
.0052 
.005.5 
.0058 
.0061 
.0065 

Inch. 
0. 

Initial  load.    Gauged  length  estabiisiied  on  side  of  stem  oppo- 
site initial  crack. 

Tensile  strength. 
=0.5  per  cent. 

0. 

-  .0002 

-  .0003 

-  .0004 

-  .0004 

.03 

Elongation  of  inch  sections,  0'',  0'',  0'',  ''.03*,  O'',  O''. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  near  middle  of  length. 

Appearance  of  fracture,  granular  and  columnar,  70  per  cent;  dark 
brown,  initially  cracked  portion,  30  per  cent. 
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Marks,  B. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30,000 
32.000 
34.000 
36,000 
38,000 
40.000 
41,700 
0 


In  gauged  length. 


J^Ionga- 
tion. 


Inch. 

0. 
.0001 
.0005 
.0009 
.0013 
.0019 
.0023 
.0028 
.0033 
.0037 
.0041 
.0045 
.0050 
.0055 
.0061 
.0068 
.0074 
.0083 
.0090 
.0104 
.01  + 


.03 


Set. 


Inch. 


Remarks. 


Initial  load. 


.0020 


Snapping  sound. 

Tensile  strength. 
=0.5  per  cent. 


Elongation  of  inch  sections,  0'',  0'',  0'',  ''.03*,  0'',  O'' 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  near  middle  of  length. 
Appearance  of  fracture,  columnar,  den&tic. 
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No.  8138. 
Marks,  D. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 


In  gauged  length. 


Elonga- 
tion. 


Set. 


Remarks. 


Pounds. 

1.000 

2.000 

4.000 

6,000 

8.000 

10,000 

12,000 

14.000 

16.000 

18.000 

20,000 

22.000 

24.000 

26.000 

28.000 

30.000 

32.000 

33.900 

0 


Inch. 

0. 
.0002 
.0005 
.0010 
.0014 
.0019 
.0024 
.0027 
.0031 
.0035 
.0040 
.0045 
.OO-W 
.0055 
.00(i2 
.0069 
.0079 

Inch. 
0. 

0. 

0. 

.0005 

.03 

Initial  load. 


Tensile  strength. 
—0.5  per  cent. 


Elongation  oi  ineh  j^tions,  (f,  (f,iy,  0^,  *,0^*,  (T. 
Position  of  fracture,  l^JS  from  the  neck. 
Contraction  of  area,  inappreciable. 

Appearance  of  fracture,  coarse  granular,  60  per  cent;    columnar, 
denaritic,  40  per  cent. 
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No.  8139. 
Marks,  E. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  G''. 


Remarks. 


Initial  load. 


Tensile  strength. 
«-2.7  per  cent. 


''.01,  ^03,  ^02,  ^02,  ^oe*,  ^02. 

area,  .95  square  inch. 


Elongation  of  inch  sections, 
Diameter  at  fracture,  I''.  10; 
Contraction  of  area,  5  per  cent. 
Position  of  fracture,  1  .10  from  the  neck. 
Appearance  of  fracture,  coarse  granular  and  flaky, 
in  stem. 


Opened  cracks 
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No.  8140. 
Marks,  F. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 
Length  of  stem,  11''. 


Applied 

loads  per 

square 

inch. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
18,000 
20,000 
25,000 
28,000 
30,000 
32,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
0 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 
.0009 
.0018 
.0033 
.0044 
.0050 
.0071 

Set. 

Inch. 
0. 

Initial  load. 

t 

Tensile  strength. 
=5.9  per  cent. 

0. 

-.0001 

.0082 

.0089 

.0108 

.0114 

.0120 

.0128 

.0134 

.0141 

.0155 

.0163 

.0172 

.018.5 

.0200 

.0217 

.0238 

.0252 

.0281 

.0317 

.0360 

.0465 

.0690 

.10 

.15 

.20 

.24 

.31 

.38 

.47 

0. 

.oo:« 

.0064 

.0181 

.0436 

.59 

Elongation  of  inch  sections,  ^05,  ^05,  ^05,  ^07,  ^09*,  ^06,  ''.OS, 
^07,  ^04,  ".06. 
Diameter  at  fracture,  1".08;  area,  .92  square  inch. 
Contraction  of  area,  8  per  cent. 
Position  of  fracture,  4  .98  from  the  neck. 
Appearance  of  fracture,  coarse  granular,  flaky. 
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No.  8141. 
Marks,  Q. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 
Length  of  stem,  ll'^. 


loads  per 
square 
Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
20.000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
52,000 
54,000 
56,000 
58.000 
60,000 
62,000 
64,000 
66,000 
68.000 
70,000 
0 

Inch. 
0. 

.0013 
.0031 
.0069 
.0108 
.0112 
.0118 
.0121 
.0128 
r        .0131 
.0140 
.0145 
.0150 
.0158 
.0167 
.0178 
.0188 
.0205 
.0217 
.0232 
.0250 
.0267 
.0283 
.0310 
.0368 
.0440 
.0630 
.11 
.15 
.20 
.25 
.32 
.39 
.50 

Inch. 
0. 

Initial  load. 

TensUe  strength. 
»6  per  cent. 

0. 
0. 
.0001 

.0009 

.0025 

.0060 

.0183 

.0423 

.60 

Elongation  of  inch  sections,  ".05,  ''.OS,  ".06,  ".06,  ".06,  ".05,  ".07,  ".05, 
".09*,  ^06. 

Diameter  at  fracture,  1".09;  area,  .93  square  inch. 
Contraction  of  area,  7  per  cent. 
Position  of  fracture,  2.28  from  the  neck. 
Appearance  of  fracture,  coarse  granular,  flaky. 
H.  Doc.  26,  69-2 21 
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No.  8142. 


Marks,  H. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 
Length  of  stem,  11". 


Applied 

loads  per 

square 

Inch. 

Pounds. 
1,000 
5.000 
10,000 
20,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
67,600 
0 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 
0. 

.0012 
.0031 
.0069 
.0108 
.0112 
.0117 
.0121 
.0128 
.0131 
.0140 
.0146 
.0152 
.        .0160 
.0170 
.0183 
.0190 
.0200 
.0217 
.0240 
.0280 
.0278 
.0310 
.0345 
.0390 
.0506 
.0700 
.13 
.17 
.21 
.27 
.33 
.40 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
—4.2  percent. 

0. 
0. 
.0001 

.0010 

.0028 

.0076 

.0206 

.0496 

.42 

Elongation  of  inch  sections,  ''.04,  ".03,  ".04,  ".06,  ".07*,  ".03,  ".04, 
".04,  ".05,  ".02. 
Diameter  at  fracture,  1".10;  area,  .95  square  inch. 
Contraction  of  area,  6  per  cent. 
Position  of  fracture,  4  .7  from  the  neck. 
AppearanQ^  of  fracture,  coarse  granular,  flaky. 
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Marks,  I. 
Diameter,  1M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 
Length  of  stem,  11*. 


No.  8143. 


loads  per 
square 
inch. 

In  gauged  lezigth. 

Rexnarta. 

Elonga- 

Set. 

Pounds. 
1,000 
5.000 
10,000 
20,000 
30,000 
31,000 
32.000 
33.000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68.000 
70,000 
72,000 
73,700 
0 

Inch. 

a 

.0013 

.0032 

.0070 

.0109 

.0112 

.0118 

.0121 

.0128 

.0132 

.0139 

.0146 

.0151 

.0160 

.0169 

.0178 

.0188 

.0109 

.0213 

.0230 

.0253 

.0274 

.0300 

.0330 

.0370 

.0482 

.0700 

.12 

.15 

.21 

.26 

.30 

.40 

.48 

.59 

.83 

Inch. 
0. 

Initial  load. 

Tensile  straogth. 
-11.2  per  cent. 

0. 
0. 
0. 

.0025 

.0071 

.0187 

.0400 

1.12 

Elongation  of  inch  sections,  ''.08,  "M,  ''.lO,  *.12,  Ml,  ^^.12,  *.17*, 
'M2/.11,  MO. 

Diameter  at  fracture,  1^^.04;  area,  .85  square  inch. 

Contraction  of  area,  15  per  cent. 

Position  of  fracture,  4^^.89  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  flaky.  Opened  longitudi- 
nal cracks  in  stem. 
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No.  8144. 
Marks,  J. 
Diameter,  1M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  6^^. 


loads  per 
square 
inch. 

Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
47,800 
0 

In  gauged  length. 

Remarks. 

Elonga- 
Uon. 

Inch. 

0. 

.0007 
.0018 
.0030 
.0040 
.0050 
.0062 
.0065 
.UU68 
.0071 
.our/3 
.0076 
.0079 
.0062 
.0065 
.0000 
.0095 
.0103 
.0111 
.0118 
.0126 
.0144 
.0162 
.0187 

Set. 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
»0.5  per  cent. 

0. 

0. 

a 

.0002 

.0010 

.0044 

.03 

Elongation  of  inch  sections,  0'',  0'',  0*,  ''.01,  0'',  ''.02*. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  I''  from  the  neck. 
Appearance  of  fracture,  coarse  granular,  brilliant  facets. 
Fractured  across  stem  partly  on  two  planes,  between  which  the 
metal  presented  a  columnar,  dendritic  appearance. 
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No.  8145. 
MarkS;  K. 
Diameter,  1*.129. 
Sectional  area,  1  square  inch. 
Ganged  length,  6*. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

ReniarkB. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
50,000 
56,000 
60,000 
62,900 
0 

Inch. 

0. 

.0006 
.0017 
.0029 
.0040 
.0051 
.0064 
.0067 
.0070 
.0072 
.0075 
.0079 
.0063 
.0066 
.0090 
.0094 
.0100 
.0106 
.0111 
.0118 
.0124 
.0133 
.08 
.06 
.11 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
—2.7  per  cent. 

0. 

0. 

0. 

.0005 

.0015 

.0036 

.16 

Elongation  of  inch  sections,  ''.Ol,  ''.03,  ''.OT*,  ''.02,  ''.Ol,  ''.02. 
Diameter  at  fracture,  l".!!;  area,  .97  square  inch. 
Contraction  of  area,  3  per  cent. 
Position  of  fracture,  2  .7  from  the  neck. 
Appearance  of  fracture,  coarse  granular,  brilliant  facets. 
Opened  oblique  cracks  in  two  places,  at  one  of  which  fracture 
occurred. 
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No.  8146. 
Marks,  L. 
Diameter,  1*.129. 
Sectional  area,  1  square  inch. 
Ganged  length,  6". 


loaosper 
squ&re 
inch. 

In  gauged  length. 

RemarkB. 

ElongBr 
tlon. 

Set. 

Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 

•   31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
30,000 
40,000 
41,000 
42.000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
64,200 
0 

Inch. 

0. 

.0006 
.0016 
.0027 
.0039 
.0050 
.0062 
.0065 
.0069 
.0071 
.0073 
.0076 
.0063 
.0085 
.0089 
.0093 
.0100 
.0105 
.0110 
.0115 
.0124 
.0132 
.0142 
.0154 
.0164 
.0176 
.0199 

Inch. 
0. 

Inltuaioad. 

Tensile  strength. 
-2  per  cent. 

0. 

0. 

0. 

.0005 

.0015 

.0038 

.0091 

.12 

Elongation  of  inch  sections,  "".Ol,  ''.02,  ''.03,  ''.02,  ''.02,  ''.02. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  at  neck,  outside  the  gauged  length. 
Appearance  of  fracture,  irregular,  coarse  granular. 
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No.  8147. 
Marks,  M. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6*. 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

ElongBr 
tlon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
37,500 
0 

JndL 
0. 
.0008 

.0019 
.0030 
.0040 
.0052 
.0066 
.0070 
.0076 
.0080 
.0085 
.0093 
.0102 
.0110 

Inch, 
0. 

Initial  load. 

Tensile  strength, 
—a  7  per  cent. 

a 

a 

.0003 

.0015 

.04 

Elongation  of  inch  sections,  0'',  0^,  ''.01,  0'',  *.03*,  0''. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  1^.9  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  60  per  cent;  dark  brown, 
vesicular  patch,  40  per  cent. 
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No.  8148. 

Marks,  S. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6''. 


loa£per 
square 
inch. 

In  gauged  length. 

BemarkB. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,000 
34.000 
35,000 
36,000 
37,000 
38,000 
39.000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46.000 
47,000 
54,300 
0 

Inch. 

0. 

.0008 
.0020 
.0031 
.0043 
.0055 
.0070 
.0075 
.0078 
.0080 
.0084 
.0090 
.0095 
.0100 
.0105 
.0110 
.0117 
.0127 
.0130 
.0144 
.0155 
.0168 
.0188 
.0211 

Inch. 

a 

Initial  load. 

Tensile  strength. 
-1  percent. 

0. 

0. 

.0005 

.0014 

.0030 

.0068 

.0105 

.06 

Elongation  of  inch  sections,  0'',  ''.01,  ''.03*,  '.01,  0',  ''.Ol. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  2''.48  from  the  neck. 
Appearance  of  fracture,  coarse  granular,  flaky. 
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No.  8149. 
Marks,  1. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6", 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 
1 

Elongar 
tlon. 

Set. 

Poundt. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43/000 
44,000 
45,000 
47,000 
48,700 
0 

Inch. 

0. 

.0010 
.0021 
.0031 
.0041 
.0052 
.0063 
.0065 
.0069 
.0071 
.0074 
.0079 
.0082 
.0066 
.0090 
.0095 
.0102 
.0112 
.0119 
.0128 
.0140 
.0157 
.02 

Inch. 

a 
a 
a 
a 
a 
a 
a 

Initial  load. 

Tensile  strength. 
—1.3  per  cent. 

.0005 

.0019 

.0061 

.08 

Elongation  of  inch  sections,  ''.OS*,  ''.01,  ''.Ol,  ".01,  0",  0". 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  ".65  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  flaky.     Dark  brown  spot 
".3  by  ".8  on  fractured  surface. 
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Marks/  2. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 
Annealed  specimen. 


No.  8150. 


square 
Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
31,000 
32.000 
33,000 
34.000 
35,000 
36.000 
37,000 
•38,000 
39,000 
40,000 
41.000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49.000 
GO,  000 
52,000 
53.000 
54;  000 
55,000 
55.800 
0 

Inch. 
0. 
.0006 

.0020 

.0030 

.0040 

.0050 

.0060 

.0063 

.0065 

.0067 

.0069 

.0072 

.0074 

.0076 

.0079 

.0081 

.0063 

.0085 

.0087 

.0089 

.0091 

.0094 

.0096 

.0098 

.0100 

.0103 

.0106 

.02+ 

.11 

.13 

.15 

Inch. 
0. 

a 

0. 
0. 
0. 
0. 
0. 

Initial  load. 

Tensile  strength. 
-3.6  per  cent. 

0. 

0. 

0. 

.0002 

.21 

spot 


Elongation  of  inch  sections,  ''.OS,  ''.02,  ''.OS,  ''.OT*,  ''.02,  ''.02.. 
Diameter  at  fracture,  l^.ll;  area,  .97  square  inch. 
Contraction  of  area,  3  per  cent. 
Position  of  fracture,  at  middle  of  stem. 

Appearance  of  fracture,  gray,  columnar,  vesicular.     Dark  brown 
t,  ".2  by  '.4. 
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No.  8161. 
Marks,  3. 
Diameter,  I''.  12. 
Sectional  area,  1  square  inch. 
Gauged  length,  6'. 


loaosper 
square 
inch. 

In  gauged  length. 

ReznarkB. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
16,000 
20,000 
25,000 
26,900 

Inch. 

a 

.0008 

.0018 
.0030 
.0041 
.0060 

Inch. 
0. 

Initial  load. 
Tensile  strength. 

a 

a 

.0005 

Elongation  after  fracture,  inappreciable. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  at  neck  and  in  head. 

Appearance  of  fracture,  coarse  granular,  50  per  cent;  dark  brown, 
columnar,  and  vesicular,  50  per  cent. 
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No,  8162. 
Marks,  4. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  lengthy  6*. 
Annealed  specimen. 


AppUed 

loads  per 

square 

Inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 

.0007 
.0016 
.0027 
.0038 
.0047 
.0058 
.0068 
.0079 
.0061 
.0083 
.0085 
.0087 
.0090 
.0092 
.0094 
.0096 
.0099 
.0101 
.02 

Set. 

Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
26,000 
30,000 
36,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
54,000 
54,200 
54,500 
55,000 
56,000 
58.000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
76,700 
0 

Inch. 
0. 

Initial  load. 

Elastic  limit. 

Tensile  strength.                                                                  , 
=  25  per  cent. 

0. 

—  .0002 

-  .0004 

-  .0005 

-  .0006 

-  .0006 

-  .0004 

.13 
.15 
.16 
.17 
.20 
.U 
.28 
.31 
.37 
.43 
.62 
.64 
.99 

1.50 

Elongation  of  inch  sections,  ''.IS,  ''.25,  ".49*, /'.26,  ".20,  ".15. 
Diameter  at  fracture,  ".88;  area,  .61  square  inch. 
Contraction  of  area,  39  per  cent. 
Position  of  fracture,  3".35  from  the  neck. 

Appearance  of  fracture,  columnar,  vesicular;  gray;  close  resem- 
blance to  a  silky  fracture. 
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No.  8153. 
MarkS;  5. 
Diameter,  1M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  6*, 


loaosper 
square 
Inch. 

In  gauged  length. 

RemarkB. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
6,000 
10,000 
15.000 
20,000 
25,000 
30.000 
35,000 
36,000 
37,000 
38,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
64,100 
.              0 

Inch. 

0. 
.0006 
.0017 
.0029 
.0038 
.0048 
.0060 
.0074 
.0078 
.0080 
.0085 
.0088 
.0092 
.0096 
.0109 
.0109 
.0115 
.0123 
.0132 
.0141 
.0152 
.0162 
.0176 
.02 
.03 
.04 
.06 
.07 
.10 
.13 

Inch. 
0. 

Initlaiload. 

Tensile  strength. 
=  2.3  per  cent. 

0. 

0. 

0. 
.0003 

.0010 

' 

.0030 

.0072 

.14 

Elongation  of  inch  sections,  ''.01, /'.05*,  ''.03,  ^01,  ".02,  ''.02. 
Diameter  at  fracture,  l".!!;  area,  .97  square  inch. 
Contraction  of  area,  3  per  cent. 
Position  of  fmcture,  l'\6  from  the  neck. 
Appearance  of  fracture,  coarse  granular. 
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MarkS;  6. 
Diameter,  1''.129. 
Sectional  area,.  1  square  inch. 
Ganged  lengthy  6*. 
Annealed  specimen. 


HABMXT   STEEL   INGOT. 

No.  8154. 


loads  per 
square 
inch. 

In  gauged  length. 

Remaiks. 

Elongap- 
tlon. 

Set. 

Pounds, 
1,000 
5,000 
10,000 
15,000 
20,000 
26,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,800 
0 

Inch. 
0. 
.0006 

.0019 
.0080 
.0041 
.0062 
.0063 
.0066 
.0060 
.0071 
.0073 
.0075 
.0079 
.0062 
.0085 
.0068 
.0091 
.0006 
.0104 
.0111 
.0136 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
=  1.7  per  cent. 

0. 

0. 

.0003 

.0004 

.0007 

.10 

Elongation  of  inch  sections,  0*,  0",  0",  0*,  ''.10*,  0''. 

Diameter  at  fracture,  1^.10;  area,  .95  square  inch. 

Contraction  of  area,  5  per  cent.  ^ 

Position  of  fracture,  1  .62  from  the  neck. 

Appearance  of  fracture,  gray,  amorphous,  60  per  cent;  vesicular, 
40  per  cent.  Opened  an  oolique  crack  in  stem,  1}'  from  place  of 
rupture. 
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Marks,  7. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  6^^. 


No.  8155. 


loaosper 
squavB 
Inch. 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
53,900 
0 

Inch. 

0. 
.0009 
.0020 
.0030 
.0041 
.0062 
.0064 
.0068 
.0071 
.0075 
.0078 
.0062 
.0067 
.0090 
.0094 
.0100 
.0105 
.0111 
.0116 
.0123 
.0130 
.01^ 
.0152 
.0163 
.0175 
.0192 
.0210 

Inch. 
0. 

IniUal  load. 

Tensile  strength. 
=0.3  per  cent. 

0. 

0. 

.0003 

.0009 

.0020 

.0044 

.0102 

.02 

Elongation  of  inch  sections,  ''.Ol*,  0'',  0'',  ''.01,  0",  O''. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  at  neck. 

Appearance  of  fracture,  coarse  granular,  flaky,  70  per  cent;  oblique, 
vesicular  surface,  30  per  cent. 
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HABMET   STEEL   INGOT. 


No.  8166. 
Marks,  8. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  lengthy  e''. 
Annealed  specimen. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

1 
Remarks. 

i 

Elongar 
tloii. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
54,000 
56,000 
58,000 
60,000 
62,000 
63,900 
0 

Inch. 

0. 
.0009 
.0020 
.0030 

Inch. 
0.  - 

Initial  load. 
Elastic  limit. 

0. 

.0041 
.0052 

0. 

.0062 
.0074 
.0085 
.0087 

0. 
.0001 
.0001 

.0090 
.0093 
.0085 
.0098 
.0101 

.6664 

.0103 
.0107 
.0111 
.0116 

.0013 

.12 
.14 
.18 
.20 
.24 

Tensile  strength. 
==6.2  per  cent. 

.37 

Elongations  of  inch  sections,  ''.03,  ''.05,  ''.04,  ".03,  ".04,  ".18*. 
Diameter  at  fracture,  1".05;  area,  .87  square  inch. 
Contraction  of  area,  13  per  cent. 
Position  of  fracture,  ".8  from  the  neck. 

Appearance  of  fracture,  gray,  amorphous.     Opened  cracks  in  sur- 
face of  stem  in  three  places. 
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No.  8167. 
Marks,  9. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 


Applied 

loads  per 

sgoAxe 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pound*. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
60,100 
0 

Inch. 

0. 

.0008 
.0019 
.0029 
.0040 
.0052 
.0066 
.0060 
.0072 
.0075 
.0060 
.0084 
.0087 
.0092 
.0097 
.0102 
.0106 
.0116 
.0122 
.0128 
.0134 
.0145 
.0157 
0164 
.0176 
.0191 
.0209 
.03 
.04 
.06 
.08 
.10 
.12 
.18 
.22 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
-3. 5  per  cent. 

a 

0. 

.0004 

.0010 

.0023 

.0060 

.0102 

.21 

» Elongation  of  inch  sections,  *.05,  "'.OS,  ''.04,  ''.03,  ".03,  ".03. 
Position  of  fracture,  at  the  neck. 
Appearance  of  fracture,  coarse  granular,  flaky. 
H.  Doc.  26,  59-2 22 
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HARMET   »TEKL    IWGOT. 


Marks,  10. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  lengthy  6". 
Annealed  specimen. 


No.  8168. 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 
0. 

Pounds. 
1,000 
6,000 
10,000 
16,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
48,000 
49,000 
50,000 
61,000 
62,000 
53,000 
54,000 
54,800 
49,000 
49,500 
50,000 
51,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
77,200 
0 

Inch. 

0. 

.0006 
.0018 
.0028 
.0039 
.0050 
.0060 
.0071 
.0081 
.0092 
.0099 
.0103 
.0105 
.0107 
.0110 
.0114 
.0119 

initial  load. 

ElasUc  limit.    Load  fell. 

0. 

0. 

0. 
0. 
0. 
0. 

.0001 

.0221 

.0235 

.0260 

.0480 

.0865 

.10 

.12 

.15 

.18 

.21 

.25 

.32 

.36 

.44 

.52 

.63 

.81 

Tensile  strength. 

1.25 

-20.8  per  cent. 

Elongation  of  inch  sections,  ''.I?,  ''.25,  ".31*,  ''.21,  M7, 
Diameter  at  fracture,  ".98;  area,  .75  square  inch. 
Contraction  of  area,  25  per  cent. 
Position  of  fracture,  3^.2  from  the  neck. 
Appearance  of  fracture,  silky,  oblique. 


.14. 
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No.  8159. 
Marks,  11. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  6''. 


square 
Inch. 

In  gauged  length. 

Remarka. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
51,000 
52,000 
54,000 
56,000 

6o|ood 

62,000 
64,000 
66,000 
68,000 
70,000 
70,600 
0 

Inch. 
0. 
.0006 

.0018 
.0029 
.0040 
.0060 
.0061 
.0073 
.0085 
.0089 
.0094 

Inch, 
0. 

Initial  load. 

Crack  visible  tn  sorfaoe  of  stem. 

a 

a 

0. 
.0002 

.0006 

.0007 
.0103 
.0108 

.0115 

.0123 

.0131 

.0140 

.0151 

.0160 

.0185 

.0206 

.03 

.04 

.06 

.08 

.10 

.14 

.17 

.23 

.29 



.0021 

.0060 

.32 

*5L3peroent. 

Elongation  of  inch  sections,  ''.04,  ''.06,  ''.09*,  ^[.04,  ".06,  ".04. 
Diameter  at  fracture,  l^.OS;  area,  .92  square  inch. 
Contraction  of  area,  8  per  cent. 
Position  of  fracture,  2  .4  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  85  per  cent;  smooth,  lus- 
trous, oblique,  16  per  cent. 
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HARMET   STEEL   INGOT. 


Marks,  12. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6^. 


No.  8160. 


loacbper 
square 
inch. 

In  gauged  length. 

Remarks. 

£longar 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
73,400 
0 

Inch. 

0. 

.0007 
.0017 
.0029 
.0040 
.0050 
.0063 
.0078 
.0082 
.0085 
.0089 
.0093 
.0008 
.0107 
.0110 
.0117 
.0125 
.0136 
.0148 
.0150 
.0175 
.0194 
.0216 
.03 
.04 
.00 
.08 
.11 
.14 
.17 
.23 
.28 
.34 
.55 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
=  11  percent. 

0. 

0. 

0. 
.0004 

.0015 

.0041 

.0106 

.66 

Elongation  of  inch  sections,  ''.09,  ''.OQ,  "'.IS*,  "[.13, 
Diameter  at  fracture,  1^^.05;  area,  .87  square  inch. 
Contraction  of  area,  13  per  cent. 
Position  of  fracture,  2^^.80  from  the  neck. 
Appearance  of  fracture,  coarse  granular. 


.10,  ''.07. 
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No.  8161. 
Marks,  13. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 
Annealed  specimen. 


841 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
48,000 
50,000 
51,000 
52,000 
53,000 
49,000 
50,000 
51,000 
52,000 
54,000 
56,000 
58.000 
60,000 
62,000 
64,000 
66,000 
68,000 
68,200 
0 

Inch. 

0. 

.0008 
.0019 
.0030 
.0040 
.0050 
.0060 
.0071 
.0083 
.0095 
.0103 
.0109 
.0112 
.0116 

Inch. 
0. 

Initial  load. 

Elastic  limit.    Load  feU. 

Tensile  strength. 
=3.3  per  cent. 

0. 

a 

a 

.0003 

.0266 

.0225 

.0295 

.0600 

.09 

.14 

.17 

.20 

.22 

.26 

.32 

.39 

.50 

Elongation  of  inch  sections,  ''.18*,  ''.OQ,  ''.05,  ".06,  ''.06,  ".06. 
Diameter  at  fracture,  1^.04;  area,  .86  square  inch. 
Contraction  of  area,  15  per  cent. 
Position  of  fracture,  ".75  from  the  neck. 

Appearance  of  fracture,  dull  silky,  oblique.     Opened  cracks  in 
stem  m  two  places. 
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HARMBT   STEEL   HTGOT. 


No.  8162. 
Marks,  14. 
Diameter,  1^.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6'^. 


AppUed 

loaaiBi>er 

square 

fnoh. 

In  ganged  length. 

Remarks. 

Elongar 
tlon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35.000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
HOOO 
56,000 
56,300 
0 

Inch. 
0. 
.0009 

.0019 

.0030 

.0041 

.0053 

.0065 

.0078 

.0101 

.0110 

.0115 

.0123 

.0130 

.0142 

.0157 

.0160 

.0186 

.0210 

.0235 

.03 

.05 

.07 

Inch. 
0. 

Initial  load. 

TensUe  strength. 
=  1.3  per  cent. 

0. 

.0002 

.0017 

.0046 

.0127 

.08 

Elongation  of  inch  sections,  ''.Ol,  ^.01,  ''.Ol,  ''.01,  ''.02*,  ".02. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  1". 3  from  the  neck. 

Appearance  of  fracture,  coarse  granular;  in  part  smooth,  lustrous, 
oblique. 
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Marks,,  15. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Ganged  lengthy  6''. 
Annealed  specunen. 


No.  8163, 


loads  per 
square 
Inch. 

In  gauged  length. 

Remarks. 

Elonga^ 
tton. 

Set. 

Pound*, 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
48,000 
49,000 
60,000 
48,000 
49,000 
60,000 
52,000 
54,000 
56,000 
58,000 
58,200 
0 

inch. 
0. 
.0006 

.0019 

.0030 

.0041 

.0052 

.0062 

.0073 

.0084 

.0096 

.0104 

.0107 

.0147 

.0165 

.0206 

.0254 

.05 

.07 

.15 

.19 

Inch. 
0. 

Initial  load. 

EUstic  limit. 
Load  fell. 

Tensile  strength. 
-4.7  percent. 

0. 

0. 

. 



.0151 

.28 

Elongation  of  inch  sections,  ''.03,  ''.03,  ''.02,  ".03,  ".04,  ".13*. 
Diameter  at  fracture,  1".06;  area,  .88  square  inch. 
Contraction  of  area,  12  per  cent. 
Position  of  fracture,  ".8  from  the  neck. 

Appearance   of  fracture,   silkjr,   90  per   cent;   smooth,  lustrous, 
oblique,  10  per  cent. 
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HABMET   STEEL   INGOT. 


No.  8164. 
Marks,  16. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6^. 


Applied 

loads  per 

square 

Inch. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
48,000 
60,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
72,600 
0 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

.0009 
.0020 
.0030 
.0041 
.0052 
.0066 
.0081 
.0102 
.0130 
.0180 
.0223 
.03 
.04 
.06 
.08 
.U 
.14 
.18 
.22 
.28 
.36 
.47 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
"8.3  per  cent. 

0. 

.0003 

.0017 
.0044 

.0114 

.50 

Elongation  of  inch  sections,  '^.O?,  ''.07,  ''.08,  ''.14*,  ''.08,  ".06. 
Diameter  of  fracture,  l^.O?;  area,  .90  square  inch. 
Contraction  of  area,  10  per  cent. 
Position  of  fracture,  S^.Oe  from  the  neck. 

Appearance  of  fracture,  coarse  ^anular.    A  short  longitudinal  and 
a  short  oblique  crack  opened  at  place  of  rupture. 
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No.  8166. 
Marks,  17. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6''. 
Annealed  specimen. 


345 


AppUed 

loads  per 

square 

fiich. 

In  gauged  length. 

RemarkB. 

Elonga^ 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
51,000 
52,000 
53,000 
63,900 
40,000 
50,000 
61,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
72,600 
0 

Inch. 

0. 

.0009 
.0019 
.0030 
.0040 
.0051 
.0063 
.0073 
.0064 
.0096 
.0110 
.0113 
.0116 
.0121 

Inch. 
0. 

Initial  load. 

Elastic  limit.    LoadfeU. 

Cracks  in  sight  In  stem  In  three  places. 

Tensile  strength. 
-11.8  percent. 

0. 

0. 

0. 

.0004 

.0238 

.0284 

.0885 

.0955 

.12 

.14 

.16 

.19 

.22 

.26 

.30 

.36 

.43 

.53 

.71 

Elongation  of  inch  sections,  ''.09,' ''.09,  ^".22*,  '[.IS,  ^.08,  ''.OS. 
Diameter  at  fracture,  1''.03;  area,  .83  square  inch. 
Contraction  of  area,  17  per  cent. 
Position  of  fracture,  B'.S?  from  the  neck. 

Appearance  of  fracture,  silkv.    The  stem  tore  apart  progressively 
from  a  crack  developed  by  earlier  stresses. 
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HABMBT   STEEL   INGOT. 


Nb.  8166. 


Marks,  18. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Ganged  length,  6^. 


Applied 

loads  per 

■quare 

inch. 

In  gauged  length. 

BeniArkB. 

Elonga- 
Uon. 

Sec. 

Pounds. 

1,000 

5,000 

10,000 

15,000 

20,000 

Inch. 

0. 

.0009 
.0020 
.0031 
.0042 

Inch. 
0. 

Initiidload. 

TensUe  stxength. 
=  18.7  per  oent. 

0. 

25,000              .0053 
30,000              .0067 
35,000              ■OOfU 

.0003 

40,000 
42,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
73,200 
0 

.0105 

.0119 

.0135 

.0149 

.0165 

.0177 

.0194 

.0219 

.0250 

.04 

.05 

.07 

.10 

.13 

.15 

.20 

.26 

.32 

.41 

.50 

.0020 

.0050 

.0140 

1.12 

• 

Elongation  of  inch  sections,  Ml,  M6,  ''.26*,/.37*,  ".13,  MO. 

Diameter  at  fracture,  ".90;  area,  .64  square  inch. 

Contraction  of  area,  36  per  cent. 

Position  of  fracture,  3".5  from  the  neck. 

Appearance  of  fracture,  silky,  interspersed  with  granular  metal. 
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No.  8167. 
Marks,  19. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 
Annealed  specimen. 


847 


loaosper 
square 
Inoh. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarice. 

Pounds. 
1,000 
5,000 
10,000 
16,000 
20,000 
25,000 
30,000 
36,000 
40,000 
46,000 
48,000 
60,000 
51,000 
62,000 
63,000 
63,800 
48,600 
«,000 
60,000 
61,000 
62,000 
54,000 
66,000 
68,000 
60,000 
62,000 
64,000 

66,000 
68,000 
•      70,000 
72,000 
74,000 
76,000 
0 

Inch, 

0. 
.0009 
.0020 
.0030 
.0041 
.0061 
.0063 
.0073 
.0086 
.0007 
.0105 
.0111 
.0115 
.0119 
.0126 

Inch. 
0. 

Initial  load. 

ElaetloUmlt.    LoadfelL 

Cracka  yielble  on  stem.    Two  longitudinal  onea  and  one 
oblique  crack. 

0. 

0. 

.0006 

.0238 

.0245 

.0286 

.0660 

.0060 

.11 

.14 

:£ 

.23 
.26 

.32 
.37 
.43 
.62 
.64 

.0840 

Tensile  strength. 
—  16.2  per  cent. 

.97 

Elongation  of  mch  sections,  ".13,  ".32*,  ".14,/.13,  ".12,  ".13. 
Diameter  at  fracture,  ".98;  area,  .75  square  inch. 
CSontraction  of  area,  25  per  cent. 
Position  of  fracture,  1".60  from  the  neck. 

Appearance  of  fracture,  silky.    Tore  apart  in  detail,  commencing 
at  a  crack  developed  by  earlier  stresses. 
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HARMET    STEEL    INGOT. 


No.  8168. 
Marks,  20. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6''. 


loaosper 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
16,000 
20,000 
25,000 
30,000 
35,000 
40,000 
46,000 
48,000 
60,000 
62,000 
54,000 
66,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
0 

Inch. 

0. 
.0009 
.0019 
.0020 
.0041 
.0052 
.0065 
.0080 
.0103 
.0140 
.0183 
.0235 
.04 
.05 
.07 
.10 
.12 
.15 
.19 
.23 
.31 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
=6.5  per  cent. 

0. 

.0002 

.0018 

.0126 

.39 

Elongation  of  inch  sections,  ''.06,  ''.OS,  ''.06,  ".06,  ".09*, 
Diameter  at  fracture,  1^.08;  area,  .92  square  inch. 
Contraction  of  area,  8  per  cent. 
Position  of  fracture,  VA5  from  the  neck. 
Appearance  of  fracture,  coarse  granular. 


.07*. 
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No.  8169. 
Marks,  21. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 


AppUed 

loads  per 

square 

■    - 
In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
48,000 
50,000 
52,000 
0 

1 

Inch. 

0. 
.0006 
.0019 
.0030 
.0040 
.0051 
.0062 
.0078 
.0096 
.0138 
.0184 
.0232 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
—0.7  per  cent. 

0. 

0. 

.0012 

.0124 

.04 

Elongation  of  inch  sections,  ".01,  0",  0'',  ''.02*,  ''.01,  O''. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  2''.6  from  the  neck. 

Appearance  of  fracture,  smooth,  lustrous,  85  per  cent;  dull  brown 
surface,  15  per  cent. 

No.  8170. 
Marks,  22. 
Diameter,  1^.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6''. 
Annealed  specimen. 


Applied 

loaas  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 
0. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
48,000 
63,400 
0 

Inch. 

0. 
.0009 
.0020 

.0041 
.0051 
.0062 
.0073 
.0086 
.0101 

Initial  load. 

Opened  oblique  crack  In  stem. 
Tensile  strength. 
—5.8  per  cent. 

0. 

.0001 

.000? 

.35 

Elongation  of  inch  sections,  '^.OS, 
Diameter  at  fracture,  I'.OS;  area 
Contraction  of  area,  17  per  cent. 
Position  of  fracture,  2".^  from  the  neck. 
Appearance  of  fracture,  dull  gray,  silky; 
Opened  seven  cracks  in  surface  of  stem. 


.05,  M7*,  ^03,  ".OS,  ^04. 
.83  square  inch. 


in  part  smooth,  oblique. 
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No.  8171. 
Marks,  23. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6^. 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
45,000 
50,000 
56,000 
60,000 
62,000 
63,900 
0 

Inch. 

0. 
.0009 
.0020 
.0030 
.0041 
.0062 
.0064 
.0079 
.0100 
.0133 
.0219 
.05 
.10 
.14 

Inch. 
0. 

Initial  load. 

Crack  opened  in  stem. 

TensUe  strength. 
-2.8  per  cent. 

0.  , 

.6662 

.0014 
.0039 
.0112 

.17 

Elongation  of  inch  sections,  ''.02,  ''.06*,  ''.02,  ".02,  ''.03, 
Diameter  at  fracture,  I''.  11;  area,  .97  square  inch. 
Contraction  of  area,  3  per  cent. 
Position  of  fracture,  1  .44  from  the  neck. 
Appearance  of  fracture,  granular,  flaky,  lustrous. 


.02. 
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No.  8172. 


Marks,  24. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  lengthy  6'^. 
Annealed  specunen. 


loads  per 
square 
&ch. 

Pound*. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
38,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
48,000 
49,700 
0 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 

0. 
.0009 
.0018 
.0029 
.0041 
.0063 
.0064 
.0079 
.0089 
.0098 
.0109 
.0121 
.0136 
.0177 
.0223 
.04 

Inch. 
0. 

Initial  load. 

Ciackvistbleinstem. 

Tensile  strength. 
«- 2.7  percent. 

0. 

.0001 

.0014 

.0135 

.16 

Elongation  of  inch  sections,  0'',  O'',  '.15*,  ''.Ol^  0",  0''. 

Diameter  at  fracture,  1*.04;  area,  .85  square  mch. 

Contraction  of  area,  15  per  cent. 

Position  of  fracture,  2^^.62  from  the  neck. 

Appearance  of  fracture,  silky,  oblique,  85  per  cent;  smooth,  lus- 
trous, 15  per  cent. 

The  lustrous  section  represented  the  part  at  which  a  crack  appeared 
at  45,000  pounds  tension.  On  this  side  of  the  stem  the  crack  was 
open  ".10  when  the  other  side  was  in  contact. 
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No.  8173. 
Marks,  25. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elongar 
tlon. 

Set. 

Pounds, 

1,000 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

40,000 

44,000 

44,200 

0 

Inch. 

0. 
.0009 
.0019 
.0030 
.0041 
.0054 
.0009 
.0093 
.0131 
.02 

Inch. 
0. 

Initial  load. 

Crack  visible  in  stem. 

Tensile  strength. 
-0.7  per  cent. 

0. 

.0005 

.0045 

.04 

Elongation  of  inch  sections,  0'^,  *.04*,  0'',  0*,  0*,  0'^. 

Contraction  of  area,  inappreciable. 

Position  of  fracture,  V.6  from  the  neck. 

Appearance  of  fracture,  coarse  granular;  flaky,  lustrous. 

No.  8174. 
Marks,  26. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 
Annealed  specimen. 


loaosper 
square 
inch. 

_            ^ 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
38,000 
40,000 
42,000 
43,000 
44,000 
45,000 
47,900 
0 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch, 

0. 
.0008 
.0020 
.0031 
.0043 
.0054 
.0005 
.0079 
.0090 
.0102 
.0121 
.0136 
.0175 
.0220 

Inch. 
0. 

Initial  load. 

Crack  visible  in  stem. 

Tensile  strength. 
-1.7  per  cent. 

0. 

.0002 

.0020 

.0128 

.10 



Elongation  of  inch  sections,  0'',  ''.02,  ''.08*,  O'',  0",  O''. 
Diameter  at  fracture,  I'^.O?;  area,  .90  square  inch. 
Contraction  of  area,  10  per  cent. 
Position  of  fracture,  2''.2  from  the  neck. 

Appearance  of  fracture,  dull  gray,  silky,  70  per  cent;  smooth,  lus- 
trous, 30  per  cent. 
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TENSILE  TESTS  OF  SPECIMENS  FROM  EAR  MET  STEEL  INGOT, 

Transverse  Slice  from  Middle  of  Length  of  Ingot. 

No.  8175. 
Marks,  27. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  G''. 


Applied 

loads  per 

square 

mch. 


In  gauged  length. 


Remarks. 


Initial  load. 


Tensile  strength. 
'  —10.2  per  cent. 


Elongation  of  inch  sections,  ''.09,  ''.10,  ''.09,  ".10,  ".13*, 
Diameter  at  fracture,  1^.06;  area,  .88  square  inch. 
Contraction  of  area,  12  per  cent. 
Position  of  fracture,  2^.08  from  the  neck. 
Appearance  of  fracture,  coarse  granular,  striated. 
H.  Doc.  26,  59-2 23 


.10. 
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No.  8176, 
Marks,  28. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6*. 


Applied 
loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elongar 
tion. 

Inch. 

0. 

.0008 
.0018 
CDlQQ 

Set. 

Pounds. 

1,000 

5,000 

10,000 

15.000 

Inch. 
0. 

Initial  load. 

0. 

20,000              .0040 

25.000 
30,000 
35,000 
38,000 

.0050 
.0061 
.0074 

0. 

.0085 

40,000              .0090 
42,000              -Oil  A 

.ooii 

45,000 

48,000 

49,000 

0 

• 

.0175 
.0290 

.0075 

Tensile  strength. 

.04 

":":::::: 

—0.7  per  cent. 

Elongation  of  inch  sections,  O'',  ".03*,  O'',  0'',  ".01,  0". 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  1".46  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  flaky;    in  part  columnar. 
Opened  a  crack  in  stem. 

No.  8177. 
Marks,  29. 
Diameter,  1".129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

Pounds. 
1,000 
5,000 
10.000 
15.000 
20,000 
25.000 
30,000 
35.000 
38.000 
40,000 
42,000 
45,000 
48.000 
50,600 
0 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 

0. 
.0008 
.0019 
.0030 
.0040 
.0051 
.0062 
.0074 
.0084 
.0094 
.0106 
.0135 
.0183 

Inch. 
0. 

Initial  load. 

« 

Tensile  strength. 
—0.5  per  cent. 

6. 

0. 

.0001 

.0011 

.0041 

.03 

Elongation  of  inch  sections,  ".02*,  O'',  ".01,  0",  0",  0". 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  ".95  from  the  neck. 

Ap}>earance  of  fracture,  granular,  flaky;  lustrous,  striated.     Five 
per  cent  of  surface  nearly  black  in  color. 
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No.  8178. 


Marks,  30. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6''. 


loads  per 
square 
inch. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

34,700 

0 

Inch, 

0. 
.0009 
.0019 
.0029 
.0041 
.0054 
.WiO 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
-  0.6  per  cent. 

0. 

.0004 

.03 

Elongation  of  inch  sections,  O'',  0'',  ''.03*,  0'',  0",  O''. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  2^^.62  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  60  per  cent;  dark  brown, 
vesicular,  40  per  cent. 

No.  8179. 
Marks,  31. 
Diameter,  rM29. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
38,000 
40,000 
42,000 
46,000 
47,100 
0 

Inch. 

0. 
.0009 
.0020 
.0031 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
=■  0.7  per  cent. 

0. 

.0043 

.0071 
.0091 
.0109 
.0126 
.0155 

.0004 
.0013 

.oa36 

.03 

.1)4 

Elongation  of  inch  sections,  0^,  ''.OS*,  ".01,  O'',  0",  O''. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  V.S  from  the  neck. 

Appearance  of  fracture,  coarse  granular.     Opened  two  transverse 
cracKs  in  surface  of  stem. 
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No.  8180. 


Marks,  32. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 


AppUed 

loads  por 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
38,000 
40,000 
42,000 
45,000 
48,000 
50,000 
54,000 
58,000 
60,000 
61,300 
0 

Inch. 

0. 
.0009 
.0020 
.0090 
.0041 
.0052 
.0066 
.0082 
.0095 
.0106 
.0121 
.0152 
.0203 
.02+ 
.06 
.10 
.13 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
—2.7  per  cent. 

0. 

.0004 
.0010 

.0022 

.0064 
.0096 

.16 

Elongation  of  inch  sections,  ''.02,  ''.01,  ''.03,  ".07*,  ".02,  ".01. 
Diameter  at  fracture,  1".10;  area,  .95  square  inch. 
Contraction  of  area,  5  per  cent. 
Position  of  fracture,  2".84  from  the  neck. 

Appearance  of  fracture,  coarse  granular.     Opened  three  cracks  in 
surface  of  stem. 
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No.  8181. 
Marks,  33. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 


Applied 

loads  per 

square 

inch. 


In  ganged  length. 
Elonga-  g  ♦ 


Remarks. 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
38,000 
40,000 
42,000 
45,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
71,400 
0 


Inch. 

0. 
.0008 
.0019 
.0030 
.0041 
.0052 
.0067 
.0085 
.0098 
.0111 
.0125 
.0154 
.0203 
.03 
.04 
.06 
.08 
.10 
.12 
.15 
.18 
.22 
.27 
.34 


Inch. 
0. 


Initial  load. 


.0005 
.0013 


.0026 


.0050 
.0102 


Cracks  In  stem  visihle  in  three  places. 


Tensile  strength. 
-6.5  per  cent. 


Elongation  of  inch  sections,  ''.05,  ''.06,  ".07,  ''.07^  ''.09*,  ".05. 
Diameter  at  fracture,  1".08;  area,  .92  square  inch. 
Contraction  of  area,  8  per  cent. 
Position  of  fracture,  2  .08  from  the  neck. 
Appearance  of  fracture,  coarse  granular. 
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No.  8182. 
Marks,  34. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6'^. 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35.000 
38,000 
40,000 
42,000 
45,000 
48,000 
50,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
77,100 
0 

Inch, 

0, 

.0009 
.0020 
.0030 
.0040 
.0052 
.0064 
.0084 
.0094 
.0106 
.0120 
.0150 
.0194 
.0250 
.05 

Inch. 

a 

Initial  load. 

Tensile  strength. 
-1.^5  per  cent. 

0. 

.0004 
.0010 

.0022 

.0054 

.0146 

.07 
.00 
.12 
.14 
.16 
.20 
.25 
.31 
.37 
.48 
.66 

... 

.81 



Elongation  of  inch  sections,  ".10,  ''.12,  ''.13,  ".20*,  ".15, 
Diameter  at  fracture,  1".02;  area,  .82  square  inch. 
Contraction  of  area,  18  per  cent. 
Position  of  fracture,  3". 08  from  the  neck. 
Appearance  of  fracture,  coarse  granular. 


.11. 
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LONGITUDINAL  SPECIMENS  FROM  MIDDLE  OF  SLICE  FROM  UPPER 

HALF  OF  INGOT, 

No.  8183. 
Marks,  35. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6''. 


Applied    I      I"K*^"««*»«°Kt^- 
lofMisper  — 


Pounds. 
1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 

38,000 
40,000 
42,000 
45,000 
48.000 
50.000 
54.000 
58,000 
60.000 
62,000 
64,000 
66,000 
68.000 
09,800 
0 


Inch. 

0. 
.0007 
.0018 
.0028 
.0039 
.0050 
.0062 
.0066 

.0096 

.0105 

.0120 

.0145 

.0180 

.0224 

.04 

.07 

.10 

.12 

.16 

.19 

.24 


Set. 


Inch. 
0. 


Remarks. 


.0003 
.0015 


.0024 


.0053 


.0120 


.28 


Initial  load. 


Sustained  34,000  pounds  per  square  inch  for  one  hour. 


Tensile  strength. 
—4.7  percent. 


Elongation  of  inch  sections,  ".04,  ^^.04,  ^^.05,  ".04,  ".05*,  ".06. 
Diameter  at  fracture,  I^.IO;  area,  .95  square  inch. 
Contraction  of  ai:ea,  5  per  cent. 
Position  of  fracture,  1".12  from  the  neck. 
Appearance  of  fracture,  coarse  granular. 
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No.  8184. 
Marks,  36. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  6^. 


loads  per 
square 
Tnch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds.          Inch. 
1,000    ,       0. 
5,000              .0006 

Inch. 
0. 

Initial  load. 

Cracks  visible  In  surface  of  stem  In  three  places. 

Tensile  strength. 
—  3.8  per  cent. 

10,000              .0017 
15,000               -0029 

0. 

20,000 
25,000 
30,000 
35.000 
38,000 
40,000 
42,000 
45,000 
48,000 
50,000 
52.000 
55,000 
58,000 
00,000 
62,000 
HOOO 
66,000 
68,000 
69,900 
0 

.0040 



.0051 
.0066 
.0083 
.0096 
.0106 
.0118 
.0136 
.0165 
.0188 
.0225 

.0002 
.0010 

.0022 

.0044 

.0082 

.0300 
.05 

.0180 

.07 
.08 
.11 
.16 
.20 

.23 

Elongation  of  inch  sections,  ''.03,  ".04,  ^^.03,  ".06*,  ".04,  ".03. 
Diameter  at  fracture,  1".10;  area,  .95  square  inch. 
Contraction  of  area,  5  per  cent. 
Position  of  fracture,  2".41  from  the  neck. 
Appearance  of  fracture,  coarse  granular. 
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No.  8185. 


Marks,  37. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  6''. 


Applied 

loads  per 

square 

inch. 


Pounds. 

1,000 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

38,000 

0 


In  gauge 

Elongar 
tion. 

id  length. 
Set. 

Remarks. 

Inch. 

0. 

.0009 
.0021 
.0032 
.0044 
.0068 
.0077 
.0104 

Inch. 
0. 

Initial  load. 

Tensile  strength. 
-0.5  per  cent. 

a 

.0011 
.0027 

.03 

Elongation  of  inch  sections,  0",  0",  0',  0", 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  1''.25  from  the  neck. 
Appearance  of  fracture,  coarse  granular. 

No.  8186. 
Marks,  38. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  6". 


.03*,  O'^ 


Applied 

loads  per 

square 

inch. 


Pounds. 

1,000 

5,000 

10.000 

15,000 

20,000 

25,000 

30,000 

35.000 

36,200 

0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

.0009 
.0020 
.0031 
.0045 
.0061 
.0065 
.0128 


Set. 


Inch. 
0. 


.0017 
.0044 


Remarks. 


Initial  load. 


Tensile  strength. 
—0.5  per  cent. 


Elongation  of  inch  sections,  0'',  O'',  0",  ''.03*,  0'',  O''. 
Contraction  of  area,  inappreciable. 
Position  of  fracture,  3'^  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  80  per  cent;  dark  brown, 
vesicular,  20  per  cent. 
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362  HARMBT   STEEL   INOOT. 

Forged  Specimens  from  Slice  from  Upper  Half  of  Ingot. 

No.  8187. 
Marks,  Oi. 
Diameter,  1''.0092. 
Sectional  area,  .80  square  inch. 
Gauged  length,  10''. 

Metal  drawn  down  under  the  hammer  in  a  direction  parallel  to  the 
columnar  structure  of  the  ingot. 

Drawn  down  from  bar  If' oy  y  to  V,Z  square,  and  then  annealed. 


Applied  loadB. 
Total.       "n" 


Pounds. 
800 
4,000 
8,000 
16.000 
24,000 
28,000 
32,000 
32,800 
33.  GOO 
34.400 
35.200 
36,000 

36,800 

37,600 
38,400 
36,800 
37,600 
38,400 
39.200 
40,000 
41.600 
43.200 
44.800 
46,400 
48.000 
49,600 
51,200 
52,800 
54,400 
56,000 
57,600 
59.200 
60.800 
62,400 
62.600 
0 


Per  square 
IncT 


Pound*. 
1,000 
5,000 
10,000 
20,000 
30,000 
35.000 
40,000 
41,000 
42,000 
43.000 
44.000 
45,000 

46.000 

47.000 
48,000 
46.000 
47,000 
48.000 
49,000 
50.000 
52.000 
54.000 
56.000 
58.000 
60.000 
r.2.000 

M.noo 

Wi.OOO 

(is.ooo 

70.000 
72.000 
74,000 
76,000 
78,000 
78,250 
0 


Tn  gauged  length. 


Klonga- 
tion. 


Set. 


Remarks. 


Inches.  Inch. 

a  a  Initial  load. 

.0014 
.0030 
.0067 

.0102  a 

.0120 
.0139 
.0143 
.0148 
.  0152 
.0158 

.0165      EUstIc  limit. 

.0175 
.0180 
.0189 
.0238     Load  fell. 

.(mo    I 

.0370     ' 

.  aw7    

.0551      

.  (mo    

.09  

.12  

.16  

.20  

.24  

.28  

.34  

.  3 J  

.45  

M  , 

.•i3  ' 


.99 
1.50 


2.3.') 


Tensile  strength. 
—23.5  per  cent. 


Elongation  of  inch  sections,  \1S,    ''.IT,  ^20,  ''.23,  ".57*,  ''.35,  ".20, 
M9,/.17,  M4. 

Diameter  at  fracture,  ".65;  area,  .332  square  inch. 

Contraction  of  area,  58.5  per  cent. 

Position  of  fracture,  6".  15  from  the  neck. 
.  Appearance  of  fracture,  fine  silky,  cup-shaped. 
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HABMET   STEEL    INGOT. 


368 


No.  8188. 
Marks,  O,. 
Diameter,  1''.0092. 
Sectional  area,  .80  square  inch. 
Gauged  length,  10". 
From  same  oar  as  Oj. 


AppllcH 
Total. 

dloadB. 

In  gauged  length. 

Remarks 

Per  square      Elonga- 
Incn.             tion. 

Set. 

Pounds. 

800 
4,000 

Poundn. 

1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 

47,000 

48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60.000 
62,000 
64.000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
78,625 
0 

Inches. 

a 

.0011 
.  0090 

Inch. 
0. 

Initial  load. 

8,000 

16,000 

.0061 
.0097 
.0114 
.0133 
.0137 
.0141 
.0147 
.0151 

24,000 
28,000 

0. 

32.000 

32,800 

33.600 



34,400 

35,200 



36,000 

.0157 
.0163 
f       .0171 
1        .  0178 
.0191 
.0445 
.0700 
.10 

36,800 

[Elastic  Umit. 

37,600 

38,400 
30,200 

40,000 

41,600 

43,200 

.13 
.16 
.19 
.23 
.27 

44,800 

46,400 

48,000 

49,600 

51,200 

.32 
.38 
.44 
.53 
.62 
.73 
.93 
1.40 

52,800 

54,400 

66,000 
57,600 

50,200 

60,800 

62,400 

Tensile  strength. 
=22.4  per  cent. 

62,900 

0 

2.24 

Elongation  of  inch  sections,  ''.IS,  ''.lO,  ''.33,  \56*y  ''.23,  ^.18,  ".17, 
M7,  M4,  M2. 

Diameter  at  fracture,  ".66;  area,  .342  square  inch. 
Contraction  of  area,  57.2  per  cent. 
Position  of  fracture,  4".25  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 
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HARMET   STEEL    INGOT. 
No.  8189. 


Marks,  Pj. 

Diameter,  r.0092. 

Sectional  area,  .80  square  inch. 

Gauged  length,  10". 

Metal  drawn  down  under  the  hammer;  drawn  perpendicular  to  the 
direction  of  the  columnar  structure.  Bar  If  by  3*  drawn  to  I'^.S 
square  and  annealed. 


38.400 

48,000 

30,200 

49,000 

40.000 

50.000 

41,600 

52.000 

43,200 

54,000 

44.800 

56,000 

4C,400 

58.000 

48,000 

(iO.OOO 

49.600 

62,000 

51,200 

HOOO 

52.800 

66,000 

54,400 

68.000 

56.000 

70,000 

57,600 

72,000 

50,200 

74.000 

00,800 

76,000 

61,800 

77.250 

0 

0 

2.21 


Tensile  strength. 
=22.1  percent. 


Elongation  of  inch  sections,  ^^.14,  \19,  ''.IS,  ''.26,  ''.57*,  ".24,  ".18, 
M8,  ".15,  ".12. 

Diameter  at  fracture,  ".72;  area,  .407  square  inch. 
Contraction  of  area,  49.1  per  cent. 
Position  of  fracture,  6".45  from  the  neck. 
Appearance  of  fracture,  fine  silky. 
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HAKMET   STEEL   INGOT. 


365 


No.  8190. 
Marks,  P,. 
Diameter,  r.0092. 
Sectional  area,  .80  square  inch. 
Gauged  length,  lO''. 

From  same  part  of  ingot  as  Pj,  and  drawn  down  and  annealed  in  the 
same  manner. 


Applied  loads. 

In  gauge 

Elonga- 
tion. 

d  length. 

Total. 

Per  square 
inch. 

Set. 

Remarks. 

Pound*. 
800 
4,000 
8,000 
16,000 
24,000 
28,000 
32,000 
32,800 
33,600 
34,400 
35,200 
36,000 
36,800 

37,600 

38,400 
30,200 

Pounds. 

1,000 

5,000 

10,000 

20,000 

Inches. 

a 

.0012 
.0030 

Inch. 

a 
a 

Initial  load. 

30,000              .0009 
35  000    1           OUR 

0. 

40,000 
41,000 
42,000 
43.000 
44,000 
45,000 

.0133 
.0140 
.0143 
.0150 
.0155 
.0160 

46,000              .0167 
48,000             .02.%2 

Elastic  limit. 

49,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
77,750 
0 

.0745 
.0890 
.  12 

40,000 

41,600 

1        43,200 

.14 
.18 
.22 
.26 
.31 
.36 
.43 
.50 

44,800 
46,400 
48,000 
49,600 
51,200 

S2  800 

54,400 
56,000 
57,600 
50,200 
60,800 
62,200 
0 

.61 
.74 
.88 
1.20 



Tensile  strength. 
»24.7  per  cent. 

2.47 

Elongation  of  inch  sections,  ^^.15,  ''.I?,  ^23,  ''.25,  ^30,  ''.62*,  ''.23, 
^.20,  ''.18,  ".14. 

Diameter  at  fracture,  ".67 ;  area,  .353  square  inch. 
Contraction  of  area,  65.9  per  cent. 
Position  of  fracture,  6^.02  from  the  neck. 
Appearance  of  fracture,  fine  silky,  cup-shaped. 
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HARMET   STEBL   INGOT. 
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HARMET   STEEL   INGOT. 
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HABMET   STEEL    INGOT. 


TENSILE  TESTS  OF  SPECIMENS  FROM  HARMET  STEEL  INGOT. 

Specimens  taken  from  Lower  Half. 

No.  8295. 

Longitudinal  specimen,  from  edge  of  slice. 

Marks,  1. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Elonga-           q_^ 

1 

Remarks. 

Pounds. 

1,000 

5,000 

10,000 

Inch. 
0. 
.0013 

.0070 

.0107 

.0124 

.0131 

.0139 

.0143 

.0149 

.0154 

.0161 

.0171 

.0181 

.0204 

.0225 

.0247 

.0296 

.0500 

.09 

.13 

.17 

.21 

.25 

.37 

.53 

.80 

Inch. 

0. 

0. 

Initial  load. 

• 

Tensile  strength. 

=  13.2  per  cent  elongation. 

20,000 
30,000 
35,000 
37,000 
38,000 

0. 
.0001 

39,000 

40.000 
41,000 

.0010 

42,000 

43,000 

44,000 
45,000 
46,000 

.0044 

47,000 

48,000 
50,000 
52,000 
64,000 
56,000 

58,000 
60,000 
64,000 

68.000 

72,000 

75,100 

0 

1.32 

Elongation  of  inch  sections,  ''.09,  ".13,  ''.ll,  ''.15,  '.25*,  ''.14,  '.12, 
M2,  ".12,  ".09. 

Diameter  at  fracture,  1".02;  area,  .817  square  inch. 

Contraction  of  area,  18.3  per  cent. 

Fractured  4".45  from  the  neck. 

Appearance  of  fracture,  dull  gray,  amorphous;  opened  small,  circu- 
lar cavities  in  surface  of  stem. 


Digitized  by  VjOOQ IC 


inUlllliiiliili;: 


NO.  6. 

HARMET   STEEL  INGOT. 

POSITION  AND    TEST   NUMBERS  OF   SPECIMENS   IN   SLICE   f-ROM   LOWER   HALF    OF   INGOT. 
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HAHMET  STEEL   INQOT. 

No.  8296. 

Longitudinal  specimen,  from  edge  of  slice,  annealed. 

Marks,  2. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


369 


loftdsper 
square 
inch. 

In  gauged  length. 

Remarks. 

^T-\       set. 

Pound*. 
1,000 
6,000 
30,000 
36,000 
40,000 
45,000 
46,000 
47,000 
48,000 
40,000 
60,000 
61,000 
46,000 
47,000 
48,000 
60,000 
62,000 
64,000 
66,000 
60,000 
04,000 

S'SS 
72,000 

74,000 

0 

Inch. 

0. 

.0016 
.0103 
.0121 
.0140 
.0160 
.0162 
.0168 
.0173 
.0180 
.0187 
.0109 
.0555 
.0501 
.0680 
.1700 
.23 
.28 
.33 
.44 
.GO 
.82 

1.26 

Inch. 
0. 

a 
a 

Initial  load. 

Elastic  limit.    LoadfeU. 

Tensile  strength. 

-26.2  per  cent  elongation. 

.0001 
.0008 

.0010 

2.62 

Elongation  of  inch  sections,  ''.IS,  ''.19,  '.23,  '.25,  '.26,  '.55*,  '.35, 
^22,  '.19,  '.13. 

Diameter  at  fracture,  '.79;  area,  .490  square  inch. 

Contraction  of  area,  51  per  cent. 

Fractured  4'. 24  from  the  neck. 

Appearance  of  fracture,  silky;  opened  minute  cracks  in  surface  of 
stem. 

H.  Doc.  26,  69-2 24 
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HABMET   STEEL    INGOT. 


No.  8297. 

Longitudinal  specimen,  from  edge  of  slice. 

Marks,  3. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 

.0014 
.0104 
.0124 
.0130 
.0137 
.0141 
.0150 
.0161 
.0174 
.0196 
.0219 
.0255 
.0411 
.0518 
.06 
.12 
.16 
.23 
.33 
.48 
.68 

1.13 

Set. 

Inch. 
0. 
0. 
0. 

Pounds. 
1,000 
5,000 
30,000 
35,000 
36,000 
37.000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
66,000 
60,000 
64,000 
68,000 
72,000 
73,800 
0 

Initial  load. 

.0024 

.0248 

Tensile  strength. 

—19.3  per  cent  elongation. 

1.93 

Elastic  limit  not  well  defined. 

Elongation  of  inch  sections:  ".13,  ''.IS,  ''.17,  ''.19,  ''.20,  ".37*,  ".25, 
M9,  M5,  M3. 

Diameter  at  fracture,  ".93;  area,  .679  square  inch. 

Contraction  of  area,  32.1  per  cent. 

Fractured  4". 20  from  the  neck. 

Appearance  of  fracture,  dull  gray,  with  numerous  lighter  colored 
spots;  amorphous. 
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HABMET   8TBEL    INOOT. 

No.  8298. 


871 


Transverse  specimen. 
Marks,  4. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 

Pounda. 
1.000 
5,000 
30,000 
34,000 
36,000 
36,000 
37.000 
38,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
46,000 
47,000 
48,000 
60,000 
62,000 
66,000 
60,000 
64,000 
68,000 
72,000 
0 

In  gauged  length. 

RomarkB. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

.0013 
.0111 
.0130 
.0139 
.0148 
.0161 
.0160 
.0160 
.0182 
.0200 
.0209 
.0222 
.0241 
.0273 
.0302 
.0349 

Inch. 
0. 
0. 
.0004 

Initial  load. 

Crack  opened  in  stem. 

TenaUe  strength. 

» 11.7  per  cent  elongation. 

.0019 

.0040 

.0119 

.0400 

.0570 

.06 

.17 

.28 

.41 

.60 



1.17 

Elongation  of  inch  sections:  ''.09,  ''.ll,  ".08,  ".25*,  ".09,  ".10,  ".11, 
".13,  ".12,  ".09. 

Diameter  at  fracture,  1".01;  area,  .801  square  inch. 

Contraction  of  area,  19.9  per  cent. 

Fractured  3". 4  from  the  neck. 

Appearance  of  fracture,  dull  gray,  in  part  granular;  opened  oblique 
cracKs  in  three  places  in  stem. 
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HABMBT   STEEL   IKOOT. 

No.  8299. 


Transverse  specimen,  annealed. 

Marks,  5. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  per 

square 

Inch. 


Pounds. 
1,000 
5,000 
10,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,000 
56,000 
60,000 
64,000 
68,000 
72,000 
74,800 
0 


In  gauged  length. 


Inch. 
0.  I 

.0012    I 

.0090  y 

.0100    I 
.0138    I 
.0147    I 
.0151    I 
.0157 
.0161    ' 
.0168    I 
.0174    i 
.0180 
.0189    I 
.0315 
.0590    I 
.0600 
.13 
.21 
.26 
.31 
.41 
.56 
.76 
1.11 


Inch. 

0. 

0. 


.0002 


.0010 


2.00 


Remarks. 


Initial  load. 


Elastic  limit.     LoadfelL 


Tensile  strength. 

=  20.9  per  cent  elongation. 


Elongation  of  inch  sections,  ^^.16,  '.28,  ^47*,  ''.23,  ''.IS,  M7,  '.17, 
.14,/.15,  M4. 
Diameter  at  fracture,  '.87;  area,  .594  square  inch. 
Contraction  of  area,  40.6  per  cent. 
Fractured  3^  from  the  neck. 
Appearance  of  fracture,  silky;  opened  cracks  in  stem. 
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HARMET   STEEL    INGOT. 
No.  8300. 
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Transverse  specimen. 
Marks,  6. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


loaasper 
square 
inch. 

In  giauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
38,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
72,000 
73,000 

Tnch. 

0. 
.0012 
.0033 
.0110 
.0134 

Inch. 

0. 

0. 

Initial  load. 

TensUe  vtiength. 

==  16.2  per  oent  elongation. 

.0008 

.0152 
.0160 
.0177 
.0190 
.0202 
.0216 
.0232 

.oai'> 

.0262 

.0291 

.0320 

.0850 

.0536 

.08 

.16 

.0100 

.26 
.37 
.58 
1.03 

0 

1.A2 



Elongation  of  inch  sections,  '.10,  ''.IS,  '.17,  '.20,  '.18,  '.11,  '.12, 
.14,  '.26*,  ''.21*. 
Diameter  at  fracture,  '.98;  area,  .754  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Fractured  1'.2  from  the  neck. 
Appearance  of  fracture,  dull  gray,  in  part  granular. 
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HARMET   STEEL   INOOT. 

No.  8301. 


Transverse  specimen. 
Marks,  7. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  l(r. 


Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
46,000 
48,000 
50,000 
52,000 
56.000 
60,000 
64,000 
68,000 
72,000 
73,600 
0 


Inch. 

0. 
.0013 
.0031 
.0107 
.0132 
.0130 
.0146 
.0153 
.0162 
.0173 
.0186 
.0198 
.0211 
.0230 
.0250 
.0280 
.0363 
.0500 
.08 
.12 
.26 
.39 
.56 
.93 


.0033 


Tensile  strength. 

— 16.9  per  cent  elongation. 


Elongation  of  inch  sectioiLs,  '.10,  ''.ll,  M3,  '.12,  ^.14,  ^.31*,  ^.30*, 
M7,  M7,  M4. 
Diameter  at  fracture,  '.97;  area^  .739  square  inch. 
Contraction  of  area,  26.1  per  cent. 
Fractured  5'. 36  from  the  neck. 
Appearance  of  fracture,  silky  and  granular  metal  interspersed. 
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HABMKT   STEEL    INOOT. 

No.  8302. 
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Transverse  specimen. 
Marks,  8. 
Diameter,  1*.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


AppUed 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 

Inch. 

0. 
.0012 
.0031 
.0108 
.0132 
.0140 
.0147 
.0155 
.0163 
.0180 
.0191 
.0199 
.0215 
.0235 
.0260 
.0285 
.0370 
.0560 
.08 

Inch. 

0. 

0. 

Initial  load. 

.0003 

36,000 

37,000 

38,000 

39,000 

40,000 
41,000 

.0038 

42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
63,200 
0 

.17 
.28 

Graclcs  opened  in  stem. 
Tensile  strength. 

.33 

=  3.3  per  cent  elongation. 

Elongation  of  inch  sections,  ^^.02,  ''.OS,  '.07*,  ".04,  '.03,  '.02,  '.04, 
.02,  '.03,  '.03. 
Diameter  at  jfracture,  I'.IO;  area,  .950  square  inch. 
Contraction  of  area,  5  per  cent. 
Fractured  2'.  15  from  tne  neck. 
Appearance  of  fracture,  coarse  granular. 
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HARMET   STEEL    INGOT. 
No.  8303. 


Transverse  specimen,  annealed. 

Marks,  9. 

Diameter,  r.l29. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

.0001 
.0002 
.0002 

Hemarks. 

Pounds. 

.      1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
47,000 
48,000 
49,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
72,000 
74,100 

Inch. 

0. 
.•0017 
.0038 
.0110 
.0126 
^0145 
.0163 
.0168 
.0171 
.0176 
.0180 
.0187 
.0191 
.0197 
.0210 

Initial  load. 

.0002 
.0003 

.0010 

Elastic  limit. 

Load  feU. 

.0276 

' 

.0300 
.0360 
.1080 
.21 
.29 
.40 
.55 
.74 
1.14 

Tensile  strength. 

— 14.7  per  cent  elongation. 

: 

0 

1.47 



Elongation  of  inch  sections,  '.11,  M3,  ru,  *.14,  ''.IS,  M4,  ^^.15, 
M5,  ^23^  M3. 

Diameter  at  fracture,  l";  area,  .785  square  inch. 

Contraction  of  area,  21.5  per  cent. 

Fractured  I'^.TS  from  the  neck. 

Appearance  of  fracture,  silky,  irregular;  opened  cracks  in  surface 
of  stem. 
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HABMET   STEEL    INGOT. 

No.  8304. 
Transverse  specimen. 
Marks,  10. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


377 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elongap 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 

Inch. 
0. 
.0012 

Inch 
0. 

a 

Initial  load. 

Crack  in  stem  opened. 

Tensile  strength. 

—  2. 1  per  cent  elongation. 

»,000             .0108 
35,000              .0132 

.6663 

40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48.000 
50,000 
52,000 
56,000 
58,200 
0 

.0170 

.0190 

.0202 

.0213 

.0232 

.0260 

.0301 

.0340 

.0380 

.0600 

.08 

.17 

.21 

Elongation  of  inch  sections:  ^".02,  ^^.06*,  ^^.02,  ".02,  \02,  ".02,  ".02, 
".01,  ".01,  ".01. 
Diameter  at  fracture,  l".l;  area,  .950  square  inch. 
Contraction  of  area,  5  per  cent. 
Fractured  1".7  from  the  neck. 
Appearance  of  fracture,  coarse  granular,  flaky. 
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HARMET    STEEL.  INGOT. 


Transverse  specimen. 
Marks,  11. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


No.  8305. 


Applied 

loads  per 

square 

inch. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
&%000 
40,000 
41,000 
42,000 
43,000 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Inch. 

0. 

.0012 
.0031 
.0106 
.0130 
.0167 
.0178 
.0188 
.0200 

Inch. 

0. 

0. 

Initial  load. 

.6663 

.0027 

44,000              .0220 

46,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
HOOO 
68,000 
72,000 
73,800 
0 

.0242 

.0265 

.0330 

.0450 

.0700 

.15 

.26 

.37 

.55 

.90 

...        .  .  . 



Tensile  strength. 
=  14.6  per  cent  elongation. 

1.46 

Elongation  of  inch  sections,  ''.09,  ''.09,  ''10,  ".14,  ".13,  ".11,  ".10, 
".14,  ".35*,  ".21. 

Diameter  at  fracture,  ".90;  area,  .636  square  inch. 

Contraction  of  area,  36.4  per  cent. 

Fractured  1".4  from  the  neck. 

Appearance  of  fracture,  silky,  trace  of  granulation. 
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HABMET   STEEL   INGOT. 
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No.  8306. 
Longitudinal  specimen. 
Marks,  12. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


loads  per 
square 
inch. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
54,800 
0 

In  gauged  length. 

Remarks. 

£longa- 
tion. 

Set. 

Inch. 

0. 

.0013 
.0032 
.0105 
.0128 
.0160 
.0168 
.0177 
.0187 
.0200 
.0214 
.0231 
.0250 
.0270 
.0300 
.0350 
.05 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 
»0.0  per  cent  elongation. 

0. 

.0020 

.0056 

.00 

t 

Elongation  of  inch  sections,  ".01,  O'',  '^.Ol,  ".04*,  0",  0",  ".01,  ".01, 
0",  ".01. 

Contraction  of  area,  inappreciable. 
Fractured  3".9  from  the  neck. 
Appearance  of  fracture,  coarse  granular. 

No.  8307. 

Longitudinal  specimen,  annealed. 

Marks,  13. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10". 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

6,000 

10,000 

.    30,000 

32,700 

Inch. 

0. 

.0012 
.0034 
.0315 

Inch. 

0. 

0. 

Initial  load. 

Crooks  opened  in  stem. 
Tensile  strength. 

.0189 

1 

Elongation  inappreciable. 

Contraction  of  area  inappreciable. 

Fractured  4".5  from  the  neck. 

Appearance  of  fracture,  silky,  40  per  cent;  blue-black,  60  per  cent; 
amorphous;  a  crack  opened  2i"  from  the  place  of  rupture,  which 
presented  blue-black  surfaces.  r  "  ^  ^  ^  I  ^ 
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HABMET    STEEL    INGOT. 


No.  8308. 
Longitudinal  specimen. 
Marks,  14. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


loaas  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
50,800 
0 

Inch. 

0. 

.0013 
.0031 
.0105 
.0131 
.0178 
.0192 
.0208 
.0230 
.0255 
.0300 
.04 
.06 
.10 

iTich. 

0. 

0. 

InlUal  load. 

Cracks  opened  In  stem. 
Tensile  strength. 

0. 

.0030 

.0132 

.12 

=  1.2  per  oent*elongation. 

Elongation  of  inch  sections,  ''.Ol,  ''.01,  ''.Ol,  ''.Ol,  ''.04*,  ".02,  '^.Ol, 
0^  0^  ^01. 

Diameter  at  fracture,  1^.10;  area,  .950  square  inch. 

Contraction  of  area,  5  per  cent. 

Fractured  V.6  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  60  per  cent;  smooth,  lus- 
trous, 40  per  cent.     Cracks  opened  in  stem  in  six  places. 

No.  8309. 

Longitudinal  specimen,  annealed. 

Marks,  15. 

Diameter,  I''.  129. 

Sectional  area,  1  square  inch. 

Gauged  length,  lO''. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
23,000 
37,000 

Inch. 

0. 

.0016 
.0038 

Inch. 
0. 
.0001 

Initial  load. 

Cracks  opened  in  stem. 
Tensile  strength. 

Elongation  inappreciable. 
Contraction  of  area,  inappreciable. 
Fractured  3'^  from  the  neck. 

Appearance  of  fracture,  silky,  50  per  cent;  blue-black,  amorphous 
50  per  cent.     Opened  cracks  in  surface  of  stem. 
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HABMET   STEEL    INGOT. 

No.  8310. 
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Lonmtudinal  specimen. 
Marks,  16. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied          In  gauged  length, 
loads  per 

Remarks. 

square 

inch.      '    Elonga- 
tion. 

Set. 

Pounds.          Inch. 
1,000           0. 
5,000              .0013 
10,000              .0032 
30,000              .0114 
35,000              .0165 
44,90u     

Inch. 

0. 

0. 

Initial  load. 

Crack  opened  in  stem. 
Tensiin  strength. 

.0010 
.0040 

Fractured  at  the  neck. 

Appearance  of  fracture,  coarse  granular,  80  per  cent;  blue-black, 
amorphous,  20  per  cent.     Opened  cracks  in  four  places. 

No.  8311. 
Transverse  specimen. 
Marks,  17. 
Diameter,l''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64.000 
68,000 
71,400 
0 

In  gauged  length. 

• 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 

.0012 
.0031 
.0108 
.0130 
.0167 
.0179 
.0190 
.0201 
.0216 
.0238 
.0270 
.0345 

Set. 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 

-8.1  per  cent  elongation. 

.0003 

.0030 

.0460 

.0650 

.14 

.25 

.36 

.51 

.81 

Diameter  at  fracture,  1^^.06;  area,  .882  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Fractured  3^.25  from  the  neck. 
Appearance  of  fracture,  coarse  granular. 
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HABMET   STEEL   INGOT. 


No.  8312. 


Transverse  specimen. 
Marks,  18. 
Diameter,  J''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elongar 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 

Inch. 
0. 
.0013 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 

—10.9  per  cent  elongation. 

»,000             .0109 

35,000           oiao 

.0005 

40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
50,000 
62,000 
56,000 
60,000 
64,000 
68,000 
72,000 
73,000 
0 

.0170 
.0181 
.0192 
.0207 
.0221 
.0240 
.0268 

.0030 

.0300 

.0332 

.0460 

.07 

.16 

.24 

.36 

.62 

.88 



1.09 

Elongation  of  mch  sections,  ".U*,  ".09,  ".08,  ".09,  ".10,  ".09,  ".11, 
".17,  ".12,  ".10. 

Diameter  at  fracture,  1".07;  area,  .899  square  inch. 

Contraction  of  area,  10.1  per  cent. 

Fractured  ".15  from  the  neck. 

Appearance  of  fracture,  coarse  granular;  opened  oblique  seams. 
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HABMET   STEEL    INGOT. 

No.  8313. 
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Transverse  specimen,  annealed. 

Marks,  19. 

Diameter,  l'M29. 

Sectional  area,  1  square  inch. 

Gauged  length,  10'\ 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
44.000 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
72,000 
73,600 
0 


In  gauged  length. 


Elonga- 
tion. 


Inch. 

0. 

.0013 
.0031 
.0102 
.0120 
.0141 
.0147 
.0152 
.0157 
.0162 
.0169 
.0176 
.0185 
.0197 
.0270 
.0282 
.0296 
.0330 
.0600 
.19 
.24 
.32 
.43 
.59 
.78 

1.16 


Set. 


Inch. 

a 

0. 


.0008 


1.80 


Remarks. 


Initial  load. 


Elastic  Ihnit. 
Load  fell. 


Tensile  strength. 

— 18  per  cent  elongation. 


Elongation  of  mch  sections,  'M2,  'MS,  ".16,  ".17  ''.22,  ".34*,  ".21, 
".18^  ".15,  ".12. 

Diameter  at  fracture,  ".94;  area,  .694  square  inch. 

Contraction  of  area,  30.6  per  cent. 

Fractured  at  middle  of  stem. 

Appearance  of  fracture,  silky.    Opened  two  oblique  cracks  iu  stem. 
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HABMET   STEEL   INOOT. 


No.  8314. 


Transverse  specimen. 
Marks,  20. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


AppUed 

loads  per 

square 

Tnch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
60,000 
62,000 
66,000 
60,000 
64,000 
68,000 
72,000 
73,000 
0 

Inch. 

a 

.0013 

.0032 

.0108 

.0132 

.0172 

.0180 

.0103 

.0208 

.0223 

.0260 

.0276 

.0301 

.0360 

.0300 

.0470 

.07 

.15 

.24 

.35 

.62 

.86 

Inch. 

a 
a 

Initial  load. 

TensOe  strength. 

—11  per  cent  elongation. 

.0003 

.0031 



1.10 

Elongation  of  inch  sections,  ''.09,  ''.09,  ".08,  ".17*,  ".14,  ".11,  ".10, 


".11,  ".12,  ".09. 


Diameter  at  fracture,  1".05;  area,  .866  square  inch. 

Contraction  of  area,  13.4  per  cent. 

Fractured,  4".l  from  the  neck. 

Appearance  of  fracture,  dull  gray,  amorpnous,  in  part  granular. 
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No.  8315. 
Transverse  specimen. 
Marks,  21. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  lO''. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
72,000 
73,700 
0 

Inch. 

0, 

.0013 
.0032 
.0100 
.0132 
.0170 
.0182 
.0198 
.0212 
.0230 
.0256 
.0280 
.0320 
.0355 
.0430 
.0510 
.07 
.14 
.24 
.36 
.52 
.91 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 

=  15.3  per  cent  elongation. 

.6662 

.0030 

1.53 

Elongation  of  inch  sections,  ''.ll,  ''.IT,  ''.41*,  ^^.20,  MO,  MO,  ''.ll, 
M2,M2,  ^09. 

Diameter  at  fracture,  ''.SQ;  area,  .622  square  inch. 

Contraction  of  area,  37.8  per  cent. 

Fractured  3  ^.25  from  the  neck. 

Appearance  of  fracture,  silky,  trace  of  granulation.  Opened  cracks 
in  stem. 


H.  Doc.  26,  59-2- 


-25 
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HARMET   STEEL    INGOT. 


No.  8316. 
Tranverse  specimen. 
Marks,  22. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
72,000 
73,600 
0 

Inch. 

0. 

.0012 
.0030 
.0105 
.0132 
.0140 
.0148 
.0158 
.0164 
.0177 
.0191 
.0205 
.0220 
.0240 
.0265 
.0295 
.0390 
.0600 
.09 
.16 
.27 
.39 
.58 
.94 

Inch. 
0. 

a 

Initial  load. 

.0003 

Tensile  strength. 

=  14.8  per  cent  elongation. 

.0039 

1.48 

Elongation  of  inch  sections,  ''.IS,  ''.17,  ''.IS,  ''.le,  ''.IS,  ".12,  ''.21*, 
M8,''.14,''.09. 

Diameter  at  fracture,  1^.04;  area,  .849  square  inch. 

Contraction  of  area,  15.1  per  cent. 

Fractured  4^.1  from  the  neck. 

Appearance  of  fracture,  coarse  granular.     Opened  cracks  in  stem. 
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No.  8317. 


Transverse  specimen. 
Marks,  23. 
Diameter,  1^.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


loads  per 
square 
inch. 

In  gaoged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

FoundB. 
1,000 
5,000 
10,000 
30,000 
35,000 
36,000 
37,000 
38,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
47,100 
0 

IndL 

0. 

.0014 
.0032 
.0111 
.0138 
.0148 
.0156 
.0163 
.0175 
.0190 
.0206 
.0222 
.0243 
.0270 
.0310 

Indi. 
0. 

a 

Initialload. 

Cracks  opened  in  stem. 

Tensllo  strength. 

=0.6  per  cent  elongation. 

.0002 

.0047 

.06 

Elongation  of  inch  sections,  O''^  ^^.04*,  ''.Ol,  ''.Ol,  O'',  O'',  0'',  O'',  0^  0''. 
Contraction  of  area,  inappreciable. 
Fractured  2^^  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  70  per  cent;  blue-black, 
amorphous,  30  per  cent. 
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HABMET   8TBEL   INGOT. 

No.  8318. 


Transverse  specimen,  annealed. 

Marks,  24. 

Diameter,  I''.  129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10^. 


loaosper 
square 
Inch. 

In  gauged  length. 

RemarkB. 

Elonga- 
tion. 

Set. 

Pound*. 
1,000 
6,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 

47,000 

48,000 
49,000 
50,000 
52,000 
56,000 
60,000 
62,600 
0 

Inch. 
0. 

.0017 
.0036 
.0108 
.0127 
.0149 
.0152 
.0158 
.0162 
.0168 
.0176 
.0182 
/        .0192 
\       .0202 
.0580 
.0830 
.14 
.23 
.32 
.43 

Inch. 

a 

.0002 

1 
Initial  load. 

Elastic  limit. 

Opened  cracks  in  stem. 

Tensile  strnn^h. 

»5  per  cent  elongation. 

.0003 

.0009 

.50 

Elongation  of  inch  sections,  ''.09*,  ''.OS,  ".04,  ^^.06,  ''.04,  ".04,  ".05, 
".04,  ".05,  ".04. 

Diameter  at  fracture,  1".04;  area,  .849  square  inch. 

Contraction  of  area,  15.1  per  cent. 

Fractured  at  the  neck. 

Appearance  of  fracture,  dull  silky,  oblique;  10  per  cent  of  surface 
dark  orown,  vesicular. 


Digitized  by  VjOOQ IC 


HABMET   STEEL    INGOT. 


No.  8319. 
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Transverse  specimen  from  bottom  of  ingot.     Group  of  blowholes 
in  stem,  about  ^^.08  diameter  each. 
MarbS;  25. 
Diameter,  1*^.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


AppUed 

square 
Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
36,000 
37,000 
38,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
72,000 
74,800 
0 

Inch. 

a 

.0014 

.0032 

.0103 

.0121 

.0128 

.0132 

.0140 

.0147 

.0157 

.0168 

.0180 

.0102 

.0207 

.0240 

.0292 

.0487 

.08 

.13 

.20 

.28 

.40 

.50 

.87 

Inch. 
0. 

a 

Initial  load. 

Tensile  strength. 

-22.3  per  cent  elongation. 

0. 

.0019 

.0084 

2.23 

Elongation  of  inch  sections,  ''.10,  ".15,  ''.IS,  ".56*,  ".29,  ".20,  ".21, 
".20,  ".19,  ".15. 

Diameter  at  fracture,  ".77;  area,  .466  square  inch. 

Contraction  of  area,  53.4  per  cent. 

Fractured  4".75  from  the  neck. 

Appearance  of  fracture,  silky.  Did  not  fracture  at  the  group  of 
blowholes. 
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HARMET   STEEL   TNOOT. 
No.  8320. 


Lonffltudinal  specimen,  central. 

MarkS;  26. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Gauged  length,  W\ 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

20,500 

Inch. 

0. 

.0014 
.0035 

Inch. 
0. 

a 

Initial  load. 
Tensile  strength. 

Elongation  inappreciable. 

Contraction  of  area  inappreciable. 

Fractured  1''.75  from  tne  neck. 

Appearance  of  fracture,  light  gray,  vesicular,  in  part  granular. 

No.  8321. 

Loimtudinal  specimen,  central. 

Marks,  27. 

Diameter,  l'M29. 

Sectional  area,  1  square  inch. 

Gauged  length,  10'*. 


Applied 

loads  per 

square 

inch. 

In  ganged  length. 

Remarks. 

Klonga- 
tlon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44.000 
45.000 
46,500 
0 

Inch. 

0. 

.0013 
.0030 
.0112 
.0150 
.0167 
.0168 
.0179 
0191 
.0210 
.0235 
.0250 
.0286 
.0338 
.0382 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 

»0.9  percent  elongation. 

.0010 

.0070 

.0220 

.09 

Elongation  of  inch  sections,  0",  ".01,  ".04*,  ".02,  ".01,  0'^  ".01, 
0",  0",  0". 

Diameter  at  fracture,  l".ll;  area,  .968  square  inch. 

Contraction  of  area,  3.2  per  cent. 

Fractured  3"  from  the  neck. 

Appearance  of  fracture,  coarse  granular  and  light  gray;  amorphous. 
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Longitudinal  specimen^  central;  annealed. 

Marks,  28. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10'*. 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Elonga- 
tion. 

Set. 

Remarks. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
43,800 
0 

Inch. 

0. 

.0013 
.0032 
.0110 
.0140 
.0147 
.0153 
.0162 
.0178 
.0210 
.0300 
.0410 
.0610 

Inch. 

0. 

0. 

Initial  load. 

.0009 

.0078 

Tensile  strength. 

.16 

»1.6  per  cent  elongation. 

Elongation  of  inch  sections,  ".14*,  0",  0",  0'',  ".01,  ".01,  0",  0", 
0",  0". 

Diameter  at  fracture,  I'^.OT;  area,  .899  square  inch. 

Contraction  of  area,  10.1  per  cent. 

Fractured  ".7  from  the  neck. 

Appearance  of  fracture,  gray,  silky,  70  per  cent;  light  gray,  amor- 
phous, 30  per  cent.     Opened  cracks  m  stem. 
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HABMET  STBEL   INGOT. 
No.  8323. 


Lonmtudinal  specimen,  central. 

Marks,  29. 

Diameter,  rM29. 

Sectional  area,  1  square  inch. 

Gauged  length,  10'\ 


Applied 

loMsper 

square 

Inch. 


Poundt. 
1,000 
5,000 
10,000 
90,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
46,000 
48,000 
40,900 
0 


In  gauged  length. 

Set. 


Elongar 
tion. 


Inch. 

0. 

.0015 
.0032 
.0121 
.0150 
.0173 
.0187 
.0199 
.0218 
.0237 
.0261 
.0282 
.0327 
.0370 
.05 
.07 


.11 


Inch. 

0. 

0. 


.0018 


.0094 


RemarkB. 


Initial  load. 


Opened  cracks  In  stem. 


Tensile  strength. 

—  1.1  per  cent  elongation. 


Elongation  of  inch  sections,  ''.Ol,  0",  ''.01,  ''.02,  0'',  ''.Ol,  0'',  ''.Ol, 
0^  ^^.05*. 

Diameter  at  fracture,  I'^.ll;  area,  .968  square  inch. 

Contraction  of  area,  3.2  per  cent. 

Fractured  ^.75  from  the  neck. 

Appearance  of  fracture,  granular,  60  per  cent;  gray,  amorphous, 
40  per  cent. 
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HARMET   STEEL   INGOT. 
No.  8324. 
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Lon^tudinal  specimen,  central. 

Marks,  30. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10'*. 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
48,000 
60,000 
52,000 
56,000 
60,000 
64,000 
0 

Inch. 

0. 

.0014 
.0032 
.0117 
.0160 
.0161 
.0171 
.0182 
.0197 
.0211 
.0235 
.0250 
.0279 
.0302 
.0345 
.06 
.08 
.11 
.19 
.28 

Inch. 

0. 

0. 

Initial  load. 

Small  crack  in  sifi^t. 

Tensile  strength. 

-3.4  per  cent  elongation. 

.0012 

.0072 

.0185 

■ 

.34 

Elongation  of  inch  sections,  ".02,  ".03,  ".04,  ".04,  ".03,  ".03,  ".04, 
"04,  ".03,  ".04. 
Fractured  in  head,  at  root  of  thread. 
Appearance  of  fracture,  granular.     Two  cracks  opened  in  stem. 
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HABMET   STEEL   INGOT. 

No.  8325. 


Longitudinal  specimen,  central;  annealed. 

Marks,  31. 

Diameter,  r.l29. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 


In  gauged  length. 


Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
45,000 
46,000 
47,000 
48,000 
49,600 
50,000 
51,000 
52,000 
47,000 
48,000 
49,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
73,100 
0 


Elonga- 
tion. 


Inch. 

0. 

.0015 
.0033 
.0102 
.0120 
.0140 
.0155 
.0160 
.0163 
.0168 
.0171 
.0177 
.0182 
.0193 
.0295 
.0340 
.0480 
.17 
.22 
.30 
.41 
.56 
.76 


Set. 


Inch. 

0. 

0. 


.0002 


Remarks. 


Initial  load. 


Elastic  limit.    Load  fell. 


1.33 


Crack  commences  to  open. 


Tensile  strength. 

— 13.3  per  cent  elongation. 


Elongation  of  inch  sections,  'Ml,  ".20*,  "  .15,  'M2,  ".13,  ".12,  ".13, 
".12,  ".13,  ".12. 

Diameter  at  fracture,  1";  area,  .785  square  inch. 

Contraction  of  area,  21.5  per  cent. 

Fractured  2".25  from  the  neck. 

Appearance  of  fracture,  silky.  Opened  cracks  in  stem  in  vicinity  of 
place  of  rupture. 
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HAKMET   STEEL    INGOT. 

No.  8326. 
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Longitudinal  specimen,  central;  bottom  of  ingot. 

Marks,  32. 

Diameter,  VA29. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


loads  per 
square 
Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
6,000 
10,000 
30,000 
35,000 
36,000 
87,000 
38,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
72,000 
74,000 
0 

IneJi, 

0. 

.0017 
.0037 
.0112 
.0142 
.0151 
.0160 
.0160 
.0179 
.0190 
.0201 
.0213 
.0234 
.0261 
.0315 
.0350 
.0470 
.08 
.12 
.20 
.29 
.40 
.50 
.91 

Inch. 

0. 
.0002 
.0002 
.0011 

Initial  load. 

Tensile  strength. 

— 15.2  per  cent  elongation. 

.0051 

.0158 

1.52 

Elongation  of  inch  sections,  ''.12,  ^.13,  ''.16,  ^.24,  ".36*,  ^^.12,  ''.10, 
'.10,  ".10,  ".09. 

Diameter  at  fracture,  ".91;  area,  .650  square  inch. 
Contraction  of  area,  35  per  cent. 
Fractured  5".25  from  the  neck. 
Appearance  of  fracture,  silky. 
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HABMET   STEEL    INGOT. 

No.  8327. 


Longitudinal  specimen^  central;  bottom  of  ingot. 

Marks,  33. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elongar 
tlon. 

Set. 

Ptmnds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
56.000 
60,000 
64,000 
68,000 
72,000 
73,300 
0 

iTicites. 

0, 
.0014 
.0032 
.0110 
.0142 
.0198 
.0217 
.0239 
.0270 
.0307 
.0345 
.0390 
.0570 
.09 
.13 
.21 
.30 
.42 
.62 

1.01 

Inch. 

0. 

0. 

Inituaioad. 

Tensile  strength. 

- 17.4  per  cenl  elongation. 

.0010 

.0060 

.0187 

1.74 

Elongation  of  inch  sections,  '^.IG,  ''.43*,  ^^.24,  ^^.17,  ''.IT,  '.15,  ''.12, 
Ml,  MO,  ^09. 
Diameter  of  fracture,  ''.88;  area,  .608  square  inch. 
Contraction  of  area,  39.2  per  cent. 
Fractured  1^.9  from  the  neck. 
Appearance  of  fracture,  silky. 
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HARMET    ttTEEL    INGOT. 

No.  8328. 
Transverse  specimen. 
MarkS;  34. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


897 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elongar 
tlon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
71,200 
0 

Inch. 

0. 
.0015 
.0033 
.0111 
.0139 
.0171 
.0186 
.0198 
.0210 
.0224 
.0248 

.0300 

.0332 

.0453 

.08 

.15 

.24 

.35 

.52 

Inch. 
0. 
0. 
0. 
.0004 

Initial  load. 

Crack  opens  in  stem. 

Tensile  strength. 

=»  7  per  cent  elongation. 

.0030 

.0083 

.0270 

.70 

Elongation  of  inch  sections,  ''.OG,  '^.ll*,  ".09,  ''.OT,  ''.OG,  ".07,  ".06, 
".06,  ".07,  ".05. 

Diameter  at  fracture,  1".08;  area,  .916  square  inch. 

Contraction  of  area,  8.4  per  cent. 

Fractured  1".9  from  the  neck. 

Appearance  of  fracture,  granular,  flaky.  Opened  oblique  cracks  in 
surface  of  stem. 


Digitized  by  VjOOQ IC 


398 


HABMET   STEEL    INGOT. 

No.  8329. 


Transverse  specimen,  annealed. 

Marks,  35. 

Diameter,  I''.  129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


loads  per 
square 
inch. 

In  gauged  length. 

Remarks. 

Elongan 
tlon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
45,000 
50,000 
47,000 
48,000 
49,000 
50,000 
52,000 
56,000 
60,000 
64,000 
66,000 
0 

Inch. 

0. 

.0014 
.0032 
.0102 
.0120 
.0141 
.0157 
.0182 
.0343 
.0356 
.0400 
.0700 
.22 
.30 
.41 
.53 

Inch. 

0. 

0. 

Initial  load. 

Elasticlimit.    Load  feU. 

Opens  crack  in  stem. 

Tensile  strength. 

—  6.8  per  cent  elongation. 

0. 

0. 

.0010 

.68 

Elongation  of  inch  sections,  ''.IS*,  ''.06,  ".04,  ".06,  ".06,  ".05,  ".06, 
".06,  ".06,  ".05. 

Diameter  at  fracture,  1".02;  area,  .817  square  inch. 

Contraction  of  area,  18.3  per  cent. 

Fractured  1"  from  the  neck. 

Appearance  of  fracture,  silky.  Opened  oblique  and  longitudinal 
cracks  in  stem. 
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No.  8330. 
Transverse  specimen. 
Marks,  36. 
Diameter,  r.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10''. 


Applied 

loiCdB  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43.000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
72,000 
73,900 
0 

Inches. 
0. 

.0015 
.0032 
.0109 
.0135 
.0172 
.0182 
.0193 
.0203 
.0216 
.0243 
.0270 
.0340 
.0450 
.07 
.16 
.25 
.36 
.55 
.85 

Inch. 

0. 

0. 

Initial  load. 

Tensile  strength. 

=  11.3  per  cent  elongation. 

.0003 

.0030 

.0081 

1.13 

Elongation  of  inch  sections,  ^09,  '^.ll,  ''.08,  ''.11,  ''.ll,  ^^.20*,  M5, 
Ml,  ^09,  ^08. 

Diameter  at  fracture,  1^.02;  area,  .817  square  inch. 

Contraction  of  area,  18.3  per  cent. 

Fractured  5* -from  the  neck. 

Appearance  of  fracture,  granular;  longitudinal  seam  at  place  of 
fracture. 
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HABMET   STEEL   INGOT. 


No.  8331. 
Transyerse  specimen. 
Marks,  37. 
Diameter,  1^.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


loads  i)er 
sqaan 
Inch. 

In  gauged  length. 

Remarks. 

flongsr 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
63,600 
0 

Inch. 

0. 

.0014 
.0031 
.0106 
.0130 
.0168 
.0180 
.0188 
.0200 
.0214 
.0233 
.0260 
.0332 
.0460 
.07 
.16 
.26 

Inch, 

0. 

0. 

Initial  load. 

Opens  crack  in  stem. 

Tensile  strength. 

=3.3  per  cent  elongation. 

.0028 

.0079 

.33 

Elongation  of  inch  sections,  ''.03,  ^^.02,  ''.03,  ''.04,  ".03,  ".02,  ".03, 
".02,  ".09*,  ".02. 

Diameter  at  fracture,  1",10;  area,  .950  square  inch. ' 

Contraction  of  area,  5  per  cent. 

Fractured  1".4  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  flaky.  Fractured  at  an 
oblique  seam. 
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HABMET   STEEL   INGOT. 

No.  8332. 
Transverse  specimen. 
Marks,  38. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 
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square 
Inch. 

In  gauged  length. 

Remarks. 

Elongsr 
tlon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
72,000 
0 

Inch. 

0. 
.0013 
.0032 
.0106 
.0133 
.0171 
.0184 
.0191 
.0205 
.0218 
.0243 
.0268 
.0290 
.0330 
.0450 
.07 
.16 
.24 
.36 
.55 

Inch. 

0. 

0. 

Initial  load. 
Longitudinal  seams  open  in  stem. 

.0004 
.0012 
.0080 

.0083 

TensUe  strength. 

=9.2  per  cent  elongation.                                                         , 

.92 

'  Elongation  of  inch  sections,  ''.12*,  ''.09,  ".08,  ''.10,  *'.09,  ''.lO,  ''.OS, 
^09,  ''.09,  ^.08. 

Diameter  at  fracture,  l^.OT;  area,  .899  square  inch. 
Contraction  of  area,  10.1  per  cent. 
Fractured  ".5  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  flaky.     Opened  longitudi- 
nal and  oblique  cracks  in  stem. 
H.  Doc.  26,  59-2 26 
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HARMET   8TEKL   INGOT. 
No.  8333. 


Transverse  specimen^  annealed. 

Marks,  39. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


AppUed 

loads  i)er 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

set. 

Poundt. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
45,000 
50,000 
51,000 
52,000 
53,000 
49,000 
50,000 
51,000 
52,000 
56,000 
60,000 
64,000 
68,000 
71,500 
0 

Inches. 
0. 

.0017 
.0036 
.0106 
.0124 
.0143 
.0159 
.0180 
.0184 
.0190 
.0197 
.0270 
.0362 
.0650 
.19 
.29 
.30 
.53 
.73 

Inch. 

0. 

.0001 
.0001 
.0001 

Initial  load. 

Elastic  limit.    Load  fcU. 

.0001 
.0003 
.0004 



Crack  opens  In  stem. 

Tensile  strength. 

=10.5  per  cent  elongation. 

1.05 

Elongation  of  inch  sections,  ".08,  ''.09,  ''.OS,  ^^.09,  ''.09,  ".09,  ".09, 
M3,  ".21*,  ".10. 

Diameter  at  fracture,  ".95;  area,  .709  square  inch. 

Contraction  of  area,  29.1  per  cent. 

Fractured  2"  from  the  neck. 

Appearance  of  fracture,  silky.  Opened  oblique  and  longitudinal 
seams  in  stem  in  nine  places. 
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No.  8334. 
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Transverse  specimen. 
Marks,  40. 
Diameter,  1^.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
63,400 
0 

Inch. 

a 

.0015 

.0035 

.0110 

.0133 

.0160 

.0180 

.0103 

.0205 

.0223 

.0253 

.0278 

.0340 

.0460 

.06 

.17 

.25 

Indi. 

a 
a 

Initial  load. 

Opened  cracks  in  stem. 

Tensile  strength. 

^=3^1  per  cent  elongation. 

.0003 

.0030 

.0090 

.31 

Elongation  of  inch  sections,  ''.OS*,  ''.02,  ''.02,  ".04,  ".03,  ".03,  ".03, 
".02,  ".02,  ".02. 

Diameter  at  fracture,  1".09;  area,  .933  square  inch. 

Contraction  of  area,  6.7  per  cent. 

Fractured  l".l  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  flaky.  Ruptured  at  an 
oblique  seam  in  the  stem. 
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HABMET   STEEL   INaOT. 


No.  8335. 
Transverse  specimen. 
Marks,  41. 
Diameter,  l'M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10'*. 


loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga^ 
tlon. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
42,000 
HOOO 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
09,800 
0 

Inch. 

0. 

.0014 
.0032 
.0109 
.0135 
.0170 
.0101 
.0220 
.0265 
.0286 
.0350 
.0510 
.06 
.17 
.26 
.30 
.57 

Inch. 

0. 

0. 

Initial  load. 

Crack  opens  in  stem. 

Tensile  strength. 

»  6.4  per  cent  elongation. 

.6662 

.0030 

.0091 

.64 

Elongation  of  inch  sections,   ''.06,  ".05,  ".13*,  ".07,  ".05,  ".06, 
.06^  ".06,  ".05,  ".05. 

Diameter  at  fracture,  1''.06;  area,  .882  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Fractured  3''  from  the  neck. 
Appearance  of  fracture,  coarse  granular,  flaky. 
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Longitudinal  specimen. 
Marks,  42. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


No.  8336. 


AppUed 

loads  per 

square 

Incb. 

In  gaoged  length. 

Remarks. 

Elongar 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
36,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
56,000 
56,200 
0 

Inch. 

0. 

.0012 
.0031 
.0104 
.0126 
.0151 
.0154 
.0150 
.0170 
.0178 
.0188 
.0196 
.0206 
.0225 
.0250 
.0290 
.04 
.09 

Inch. 

0. 

0. 

Initial  load. 

Crack  opens  in  stem. 

Tensile  strengtli. 

— 1.1  per  cent  elongation. 

0. 

.0010 

.orno 

0109 

.11 

Elongation  of  inch  sections,  '^.Ol,  ''.Ol,  O'',  '^.Ol,  ''.Ol,  '^.Ol,  ''.Ol,  '^.Ol, 
^01,  ^03*. 

Diameter  at  fracture,  1^^.12;  area,  .985  square  inch. 

Contraction  of  area,  1.5  per  cent. 

Fractured  ''.7  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  flaky. 
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HABMET   STBBL   INQOT. 

No.  8337. 


Longitudinal  specimen,  annealed. 

Marks,  43. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  per 

square 

fiu5h. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
«),000 
45,000 
46,000 
47,000 
48,000 
46,000 
46,000 

'     47,000 
48,000 
50,000 
52,000 
66,000 
60,600 
0 

Inch. 
0. 
.0015 

.oas2 

.0104 

.0121 

.0140 

.0162 

.0170 

.0179 

.0188 

.0208 

.0225 

.0325 

.0378 

.0600 

.23 

.32 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit.    Load  fell. 

Ol>ened  a  craclc  in  stem. 

Tensile  strength. 

—6.1  i>er  cent  elongation. 

.0001 

.0002 
.0009 

.61 

Elongatibn  of  inch  sections,  '^.21*,  '^.02,  ^.03,  ''.04.  ^.04,  ''.03,  ''.03, 
^^.04,  ^^.04,  ".03. 

Diameter  at  fracture,  1*.04;  area,  .849  square  inch. 

Contraction  of  area,  15.1  per  cent. 

Fractured  ".4  from  the  neck. 

Appearance  of  fracture,  silky;  blue-black,  amorphous  spot  at  cir- 
cumference.   Opened  seven  cracks  in  stem. 
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HARMET   STEEL   INGOT. 

No.  8338. 
Longitudinal  specimen. 
Marks,  44. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10''. 
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AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
56,000 
60,000 
64,000 
66,400 
0 

Inch. 

0. 
.0012 
.0080 
.0102 
.0125 
.0151 
.0160 
.0168 
.0176 
.0187 
.0200 
.0213 
.0229 
.0250 
.0209 
.0315 
.06 
.12 
.21 
.31 

Inch. 

0. 

0. 

Initial  load. 

Opened  crack  in  stem. 

Tensile  strength. 

—3.1  per  cent  elongation. 

0. 

.0015 

.0048 

.0135 

.31 

Elongation  of  inch  sections,  ''.04,  ".04,  ''.02,  ".03.  ".03,  ".03,  ".03. 
".03,  ".03,  ".03. 

Diameter  at  fracture,  1".10;  area,  .950  square  inch. 

Contraction  of  area,  5  per  cent. 

Fractured  at  the  neck. 

Appearance  of  fracture,  coarse  granular,  85  per  cent;  smooth,  lus- 
trous, 15  per  cent.     Opened  cracl^  in  stem  in  six  places. 
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HABMET    STEEL    INGOT. 


No.  8339. 
Longitudinal  specimen. 
Marks,  45. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Eiongar 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

30,000 

37,100 

Inch. 

0. 
.0012 
.0029 
.0111 

Inch. 

0. 

0. 

Initial  load. 
Tensile  strength. 

.0002 

Elongation  inappreciable. 
Contraction  of  area  inappreciable. 
Fractured  ^.9  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  70  per  cent;    blue-black, 
amorphous,  30  per  cent. 

No.  8340. 
Longitudinal  specimen. 
Marks,  46. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10". 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

30,300 

Inch. 

0. 

.0011 
.0028 

Inch. 
0. 

a 

Initial  load. 
Tensile  strength. 

Elongation  inappreciable. 
Contraction  of  area  inappreciable. 
Fractured  at  the  neck. 

Appearance  of  fracture,  coarse  granular,  50  per  cent;  dark  brown, 
amorphous,  50  per  cent. 
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HABMBT   STEEL    INGOT. 
No.  8341. 
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Longitudinal  specimen,  annealed. 

Marks,  47. 

Diameter,  I''.  129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  per 

sqnare 

fiioh. 

In  gauged  length. 

Remarks. 

Eiongar 
tlon. 

Set. 

Pounds. 

1,000 

5,000 

10,000 

30,000 

35,000 

40,000 

45,000 

51,000 

0 

Inch. 

0. 

.0013 
.0031 
.0102 
.0120 
.0192 
.06 

Inch. 

0. 

0. 

Initial  load. 

Opened  crack  in  stem. 

TensUe  strength. 

=2.4  per  cent  elongation. 

0. 

.0052 

.24    |....^. : 

Elongation  of  inch  sections,  ^^.02,  ^^.02,  ''.oe*,  ^^.05,  ''.02,  ''.Ol,  *.02, 
^01,/.02, ''.Ol. 

Diameter  at  fracture,  I'^.O?;  area,  .899  square  inch. 

Contraction  of  area,  10.1  per  cent. 

Fractured  3^.1  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  60  per  cent;  smooth,  lus- 
trous, 40  per  cent. 
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HABMET   STEEL    INGOT. 


No.  8342. 
Longitudinal  specimen. 
Marks,  48. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10''. 


AppUed 
loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42.000 
43,000 
44,000 
45,000 
48,000 
60,000 
52,000 
56,000 
59,800 
0 

Inch. 

0. 

.0013 
.0031 
.0109 
.0136 
.0182 
.0200 
.0212 
.0226 
.0250 
.0275 
.05 
.07 
.10 

Inch. 

0. 

0. 

Initial  load. 

Opens  cracks  In  stem. 

Tenalle  strength. 

=2.4  per  cent  elongation. 

.0007 

.0042 

.0115 

.16 

.24 

Elongation  of  inch  sections,  ''.02,  ''.OS,  ''.OS*,  ".02,  ".03,  ".02,  ".02, 
".01,  ".02,  ".02. 

Diameter  at  fracture,  l."ll;  area,  .968  square  inch. 

Contraction  of  area,  3.2  per  cent. 

Fractured  3"  from  the  neck. 

Appearance  of  fracture,  coarse  granular.     Opened  cracks  in  the 
stem  m  four  places. 

No.  8343. 

Longitudinal  specimen. 

Marks,  49. 

Diameter,  1".129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10'\ 


AppUed 

loads  per 

square 

inob. 

In  gauged  length. 

Remarks. 

=^r-         set. 

Poundt, 

Sow 

Inch, 

.0117 
.0160 

Inch. 

0. 

0. 

Initial  load. 
TfiBfile  strength. 

.0011 



Elongation  hardly  appreciable. 
Contraction  of  area  inappreciable. 
Fractured  8^.16  from  the  neok. 

Appearance  of  fracture,  coarse  granular,  60  per  cent;  ismooth  lua- 
troua,  40  per  cent* 
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No.  8344. 
Transverse  specimen. 
Marks,  50. 
Diameter,  1M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

UlCll. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Poundt. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
50,000 
52,000 
56.000 
60,000 
63,900 
0 

Inch. 

0. 

.0013 
.0031 
.0106 
.0130 
.0165 
.0176 
.0183 
.0192 
.0210 
.0230 
.0243 
.0269 
.0300 
.0300 
.07 
.14 
.22 

Inch. 

0. 

0. 

Initial  load. 

Longitudinal  crack  opened. 

Tensile  strength. 

-  3.6  per  cent  elongation. 

.0001 

.0022 

.0070 

.36 

Elongation  of  inch  sections,  ''.03,  ''.02,  ".03,  ".03,  ".03,  ".10*,  ".04, 
".03,  ".02,  ".03. 

Diameter  at  fracture,  1".10;  area,  .950  square  inch. 

Contraction  of  area,  5  per  cent. 

Fractured  4".9  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  90  per  cent;  seamy, 
oblique,  10  per  cent. 
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HABMBT   STBEL    H^GOT. 
No.  8345. 


Transverse  specimen,  annealed. 

Marks,  51. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tlonT 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
50,000 
52.000 
56,000 
60,000 
64,000 
68,000 
0 

Inch. 

0. 

.0014 
.0030 
.0102 
.0128 
.0153 
.0165 
.0182 
.0201 
.0220 
.0290 
.0600 
.0740 
.10 
.15 
.22 
.30 
.99 
.54 

Inch. 

0. 

0. 

Initial  load. 

f 

Tensile  strength. 

■"•8.4  per  cent  elongation. 

0. 

.0014 

.0130 

.84 

Elongation  of  inch  sections,  ''.OS,  '^.19*,  ''.OO,  '^.O?,  ''.07,  ''.OS,  ''.OT, 
".06,  ''.OS,  ".05. 

Diameter  at  fracture,  ".98;  area,  .754  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  1".75  from  the  neck. 

Appearance  of  fracture,  silky,  with  light,  silvery,  lustrous  spot. 
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No.  8346. 


Transverse  specimen. 
Marks,  52. 
Diameter,  1M29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


loaos  per 
aqiiAre 
Inch. 

In  gauged  length. 

Remarks. 

Elongur 
tion. 

Set. 

Powida. 
1,000 
5,000 
10,000 
30,000 
36,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 

!S'SS 
47,000 

48,000 

49,000 

50,000 

52,000 

56,000 

60,000 

64,000 

66,800 

0 

Inch. 

0. 

.0013 
.0031 
.0168 
.0130 
.0160 
.0176 
.0187 
.0108 
.0205 
.0228 
.0245 
.0268 
.0200 
.0340 
.0300 
.07 
.13 
.23 
.34 

0. 

Initial  load. 

Opened  orack  In  stem. 

Tensile  strength. 

»4.1  per  cent  elongation. 

.0002 

.0023 

.0060 

.0208 

.41 

Elongation  of  inch  sections,  '^.03,  ''.05,  ''.03,  ".03,  ".10*,  ".03,  ".05, 
".03,  ".03,  ".03. 

Diameter  at  fracture,  1".10;  area,  .950  square  inch. 

Contraction  of  area,  5  per  cent. 

Fractured  5"  from  the  neck. 

Appearance  of  fracture,  coarse  ^anular;  dark  colored,  seamy  spot 
at  circumference.     Opened  cracks  in  stem  in  five  places. 
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HABMBT   STEEL   INGOT. 
No.  8347. 


Transverse  specimen,  annealed. 

Marks,  53. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  per 

square 

Inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pottfid*. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
45,000 
46,000 
47,000 
48,000 
49,000 
60,000 
52,000 
56,000 
60,000 
64,000 
68,000 
71,000 
0 

Inch. 

0. 

.0015 
.0032 
.0102 
.0120 
.0140 
.0168 
.0167 
.0172 
.0180 
.0416 
.0620 
.20 
.30 
39 
.53 
.75 

Inch. 

0. 

0. 

Initial  load. 

Elastic  limit. 

Opened  cracks  in  stem. 

Tensile  strength. 

-  10  per  cent  elongation. 

0. 

0. 
.0001 

.0442 

1.00 

Elongation  of  inch  sections, ''.09,  ''.OQ,  "".OS,  ''.13,  ''.IQ*,  ".09,  ".09, 
.08,  ".07,  ".09. 
Diameter  at  fracture,  ".98;  area,  .754  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Fractured  4".75  from  the  neck. 
Appearance  of  fracture,  silky.     Opened  cracks  in  stem  in  six  places. 
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No.  8348. 
Transverse  specimen. 
Marks^  54. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pound*. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,200 
0 

Inch. 

0. 

.0014 
.0032 
.0108 
.0132 
.0170 
.0182 
.0195 
.0210 
.0230 
.0258 
.0285 
.0318 

Inch. 

0. 

0. 

Initial  load. 

Opened  oblique  crack  in  stem. 

Tensile  strength. 

»  1  per  cent  elongation. 

.0010 
.0029 

.0005 

.10 

Diameter  at  fracture,  I'^.ll;  area,  .968  square  inch. 
Contraction  of  area,  3.2  per  cent. 
Fractured  S^.SO  from  the  neck. 

Appearance  of  fracture,  coarse  granular;  in  part  smooth,  lustrous, 
oblique. 
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HABMET   BTEEL   INGOT. 


No.  8349. 


Longitudinal  specimen. 
MarKs,  55. 
Diameter,  1''.129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


AppUed 

loads  per 

square 

Inch, 

In  ganged  length. 

Remarks. 

Elonga- 
tion. 

Set. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
40,000 
50,000 
52,000 
56,000 
60,000 
64,000 

72,000 

76,000 

0 

Inch. 

0. 

.0014 
.0083 
.0108 
.0129 
.0166 
.0165 
.0174 
.0184 
.0198 
.0212 
.0229 
.0249 
.0272 
0300 
.0360 
.06 
.12 
.20 
.31 
.44 
.67 

Inch, 

a 
a 

Initial  load. 

Tensile  strength. 

-17.1  per  cent  elongation. 

a 

.0004 
.0017 

.0051 

.0174 

1.71 

Elongation  of  inch  sections,  ''.10,  ^.17,  ''.32*,  ^32*,  ru,  ''.IS,  ''.15, 
M4,  Ml,  Ml. 

Diameter  at  fracture,  ''.92;  area,  .665  square  inch. 

Contraction  of  area,  33.5  per  cent. 

Fractured  3^.5  from  the  neck. 

Appearance  of  fracture,  silky,  interspersed  with  granular  metal. 
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NO.   8349. 
H-.RML^    STEZL   INGOT. 

Ai  i't-4^Arj.'[i     r  sit^'  rr  S'^E'TiMi-rj  aptep-:  FRACruRt,  show.mg  obli,)uc  lines 

RE    Rt-Erj"  ir*G   THE    ^CLUVUr^R   STRUCIURE   OF   THE   INGjr. 


CAMPBELL   ART   CO. 
ELIZABtTM.  N.J. 
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No.  8350. 
Lonfi^itudinal  specimen. 
Marks,  56. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


Applied 

loads  per 

square 

inch. 


Pounds. 
1.000 
6.000 
10.000 
30,000 
35.000 
40,000 
41.000 
42,000 
43,000 
44,000 
45.000 
46.000 
47.000 
48.000 
40,000 
50.000 
52.000 
53,800 
0 


In  gauged  length. 


Elonga- 
tion. 


Remarks. 


Set. 


Inch. 

0. 

.0013 
.0032 
.0106 
.0130 
.0168 
.0180 
.0189 
.0190 
.0216 
.0237 
.02fO 
.0287 
.0315 
.a^42 
.0422 
.06 


Inch. 

0. 

0. 


.0001 
.0006 
.0029 


.0078 


Initial  load. 


.0240 


.07 


Opened  crack  at  neck. 

Tensile  strength. 

—0.7  per  cent  elongation. 


Contraction  of  area  inappreciable. 
Fractured  I''  from  the  neck. 
Appearance  of  fracture,  coarse  granular,  flaky. 
H.  Doc.  26,  59-2 27 
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HARMET   STEEL    INGOT. 
No.  8351. 


Ijonmtudinal  specimen,  annealed. 

Marks,  57. 

Diameter,  l^'.riO. 

Sectional  area,  1  s(|uare  inch. 

Gauged  length,  lO''. 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

^&-  ■     S't- 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,0  0 

Inch.      !      Inch. 
0.                  0. 

.0014    i       0. 

.0032     

Initial  load. 

Opened  crack  in  stem. 

Tensile  strength. 

—  1.4  per  cent  elongation. 

1 

! 

.0104    1          .0001 
.0126    ■ 

.0147              .0003 
.0157     

1 

.0185'    

.0225    ' 

44,000 

.0280    • 

45,000 

47,700 

0 

.0350    ,          .0180 

.14        1 

\ 

Diameter  at  fracture,  I'^.OS;  area,  .916  square  inch. 
Contraction  of  area,  8.4  per  cent. 
Fractured  V,2  from  the  neck. 

Appearance  of  fracture,  silky,  70  per  cent;  blue-black,  amorphous, 
30  per  cent. 
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I^oiipitudinal  specimen. 
Marks,  58. 
Diameter,  l'M29. 
Sectional  area,  1  square 
Gauged  length,  10''. 

No.  8352. 
inch. 

Applied 

loads  i)er 

square 

inch. 

In  gauged  Icnpth. 

Remarks. 

Elonga- 
tion. 

Set. 

Tnch. 

0. 

0. 

Poundx. 

i,oto 

5,000 
10,000 

Tnch. 

0. 
.0011 
.0030 
.0102 
.0127 
.OKiS 
-    .OlSl 
.0190 
.0-^02 
.021S 
.0238 
.02U1 
.0282 
.0334 
.03  0 
.04.>5 
.0. 
.15 
.24 
.3.'i 
.51 

Initial  load. 

Open  crack  in  stoni. 

rio.ooo 

35,000 
40,000 
41,000 

0.. 
.0010 
.0030 

42,000 

43,000 

44,000 

45.000 
4<i,000 

.OUM 

47,000 

4S,000 

19,000 

50.000 
52.000 

.0277 

."6  IKJO 

GO.OOO 

64.000 

(W.OOO 

Tensile  stren^tii. 

=■  5.7  per  cent  elongation. 

00,900 

0 

.57 

Elongation  of  inch  sections,  ".05,  ".05,  ".06,  ".07*,  ".07,  ".05,  ".05, 
".06,  ".05,  ".06. 

Diameter  at  fracture,  1".08;  area,  .916  square  inch. 

Contraction  of  area,  8.4  per  cent. 

Fractured  3". 75  from  the  neck. 

Apj)earance  of  fracture,  coarse  granular;  oblique,  seamy  spot  at 
circumference. 
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HABMET    STEEL    INGOT. 


No.  8353. 
Loiimtudinal  specimen. 
Marks,  59. 
Diameter,  I''.  129. 
Sectional  area,  1  S(iuare  inch. 
Gauged  length,  10". 


Applied 

li)a<ls  per 

square 

inch. 

In  gauged 

Elonga-    1 
tion.       1 

Inches. 
0. 

.0017 
.0031      . 
.0108 
.0130    i 
.0108    1 
.0182     . 
.  0197      . 
.0212      . 
.0230      . 
.0255 
.0279      . 
.0300      . 
.0340      . 
.0420      . 
.0500 
.08 
.15 
.25 
.35 

.52        1. 
.89 

leqplli. 
Set. 
Inch. 

a 
a 

Kcmurks 

Pounds. 
1,000 
5,000 
10.000 

Initial  loud. 

30,000 
35,000 
40,000 
41.000 

.0002 
.(Kill 
.  (K)31 

42,000 

43.000 

44,000 

45,000 
40.000 

.m¥.) 

47,000 

48.000 

49,000 

50.000 
52,000 
.W.OOO 
(0,000 
()4.(XX) 

.  ();)2o 

tJK,000 

72.000 

74,800 

i'i'iisile  strength. 

0 

1.  81 

=  18.1  per  cent  elongation. 



Elongation  of  inch  sections,  '^.lO,  ".13,  ".34*,  ".25*,  ".18,  ".20,  ".20, 
".16,  ".13,  ".12. 

Diameter  at  fracture,  ".92;  area,  .665  square  inch. 

(Contraction  of  area,  33.5  per  cent. 

Fractured  3". 5  from  the  neck. 

Appearance  of  fracture,  silky,  interspersed  with  granular  metal. 
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No.  8354. 
Longitudinal  specimen. 
Marks,  60. 
Diameter,  r.l29. 
Sectional  area,  1  scjuare  inch. 
Gauged  length,  10''. 


I 


\pplied 

loads  per 

rquare 

Inch. 


Pounds. 

1,000 

.-),000 

10,000 

:iO,000 

;«,(X)0 

40,000 
41,000 
42,000 
43,000 
44.000 
45,000 
40,000 
47.000 
48,000 
40,000 
50,000 
52,000 
56,000 
60.000 
64.000 
68.000 
72.000 
74,100 
0 


{      In  gauged  length. 


Elonga- 
tion. 


Komarks. 


Inches. 

a 

.0012 
.0030 
.0103 
.0130 
.0173 
.0188 
.0200 
.0214 
.0235 
.0200 
.0300 
.a340 

Inch. 
0. 

a 

.  mn 

.  0()10 
.OCKW 



.0100 

.0380 

.  0460 

.a580 

.09 

.17 

.27 

.39 

.5,5 

.80 

.();{97 

1.41 

Initial  load. 


Opened  crnek  in  stem. 


Tensile  Btrength. 

=  14  1  percent  elongation. 


Elongation  of  inch  sections,  ".10,  ".14,  ".16,  ".30*,  ".16,  ".16,  ".13, 
.11,  ".08,  ".07. 
Diameter  at  fracture,  ".98;  area,  .754  square  inch. 
Contraction  of  area,  24.6  per  cent. 
Fractured  4".25  from  the  neck. 
Appearance  of  fracture,  granular;  soann^  spot  at  circumference. 
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HARMKT    STKKL    INOOT. 
No.  8355. 


Longitudinal  specimen,  anneukd. 

Marks,  61. 

Diameter,  ^.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


^      ,.    ,           In  gaupi-d  length. 
Applied    I 
loaus  per 


Pounds. 
1,000 
5.000 
10,000 
30,000 
35,000 
40.000 
45,000 
46,000 
47,000 
48,000 
45,000 
46.000 
47,000 
48,000 
50,000 
52,000 
56,000 
GO. 000 
64,000 
68,000 
0 


Inch. 

0. 

0. 


0. 
0. 
0. 
0. 


Initinl  load. 


Inch. 
0. 
.0010 

.0()1»7 
.0113 
.Ol.io 
.0155 
.01.7.) 
.OHs') 

.Oim    I Elastic  limit.    Load  foil. 

. 0251     I ('nicks  opcmvl  in  :a<'m, 

. 0275      

.0:J40 

.10.50 

.19 

.24 

.34 

.45 

.61 


.93 


Tensile  strength. 

—9.3  per  cent  elongation. 


Elongation  of  inch  sections,  ''.OS,  ''.OS,  ''.OS,  ".08,  ".09,  ".08,  ".11, 
".18*,  ".08,  ".07. 

Diameter  at  fracture,  1".02;  area,  .817  square  inch. 

Contraction  of  area,  18.3  per  cent. 

Fractured  3"  from  the  neck. 

Appearance  of  fracture,  silky.  Op(  nc d  cracks  in  stem  in  three 
places. 
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No.  8356. 
Longitudinal  specimen. 
Marks,  62. 
Diameter,  I''.  129. 
Sectional  area,  1  square  inch. 
Gauged  length,  l(r. 


Applied 

loads  per 

square 

inch. 


Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
36,000 
37,000 
38,000 
30,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
60,000 
62,000 
66.000 
60,000 
64,000 
68,000 
0 


In  gauged  lengtli. 


Elonga- 
tion. 


Inch. 

0. 
.0014 
.0030 
.0113 
.0N7 
.0155 
.01ti5 
.0175 
.0181) 
.0202 
.0228 
.0240 
.0265 
.0295 
.0344 
.0400 
.(M80 
.05m 
.09 
.13 
.21 
.32 
.45 
.66 


Sot. 


Inch. 

0. 

0. 


Remarks. 


.0011 
.0023 


.0060 


.0182 


Initial  load. 


Oblique  crack  in  stem. 

Tensile  strength. 

—6.8  per  cent  elongation. 


Elongation  of  inch  sections,  ^".06,  ".07,  ^".06,  "^.07,  ''.06,  ''.Oe,  ''.OS, 
''.06,  ''.OS,  ''.14*. 

Diameter  at  fracture,  l^.OS;  area,  .866  square  inch. 

Contraction  of  area,  13.4  per  cent. 

Fractured  1"  from  the  neck. 

Appearance  of  fracture,  coarse  granular,  85  per  cent;  smooth,  lus- 
trous, oblique,  15  per  cent. 
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Longitudinal  specimen. 
Marks,  63. 
Diameter,  r.l29. 
Sectional  area,  1  square  inch. 
Gauged  length,  10  . 


HABMET    STEEL    INGOT. 

No.  8357. 


Applied 

loads  per 

squnre 

inch. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
.')6,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
48,000 
50,000 
52,000 
56,000 
80,000 
64,000 
68,000 
70,900 
0 

In  gauged  length. 

1 

1 

Elonga- 
tion. 

Set. 

Keniarks. 

Inch. 

0. 

.0014 
.0031 
.0112 
.0145 
.0157 

..01G9 
.0177 
.0190 
.0208 
.0231 
.0250 
.0272 
.0300 
.0365 
.0440 
.07 
.09 
.13 
.21 
.30 
.44 
.61 

Inch. 

0. 

0. 

Initial  load. 

.(X)i0 
.0027 

»  .0«» 

• 

.0192 

Oblique  crack  In  atem. 

Tensile  strength. 

.84 

-8.4  per  cent  elongation. 

Elongation  of  inch  sections,  ''.12*,  ^^.09,  ".09,  ''.10,  ''.08,  ".07,  ".07, 
''.08,  ".07,  ".07. 

Diameter  at  fracture,  1".06;  area,  .882  square  inch. 

Contraction  of  area,  11.8  per  cent. 

Fractured  1"  from  the  neck. 

Appearance  of  fracture,  coarse  granular.  Seamy  spot  at  circum- 
ference. 
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Longitudinal  specimen  from  edge  of  slice,  annealed. 

MarEs,  64. 

Diameter,  1''.129. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  per 

square 

Inch. 


Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
45,000 
46,000 
47,000 
48,000 
49,000 
47,000 
48,000 
49,000 
50,000 
52,000 
56,000 
60,000 
64,000 
68,000 
0 


In  gauged  length. 


_l 


Elonga- 
tion. 


Inches. 

0. 
.0010 
.0029 
.0100 
.0119 
.0138 
.0155 
.0100 
.016,3 
.0107 
.0182 
.0300 
.0450 
.0900 
.23 
.26 
.36 
.48 
.66 
.92 

1.05 


Inch. 

0. 

0. 


Remarks. 


Initial  load. 


Elastic  limit. 
Load  fell. 


Tensile  strength. 

—10.5  per  cent  elongation. 


Elongation  of  inch  sections,  ''.08,  ''.09,  ''.09,  ".10,  ''.22*,  ''.12,  ".10, 
".10, /.08,  ".07. 

Diameter  at  fracture,  ''.98;  area,  .754  square  inch. 

Contraction  of  area,  24.6  per  cent. 

Fractured  5".75  from  the  neck. 

Appearance  of  fracture,  silky.  Fractured  at  a  group  of  three 
blowholes.  There  were  48  blowholes  in  the  stem  of  this  specimen, 
their  diameter  ranging  from  ".02  to  ".05  each. 
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HARMET   STKKL    INOoT. 
No.  8359. 


Longitudinal  specimen  from  vdfro  of  slice. 

Marks,  65. 

Diameter,  r.l29. 

Sectional  area,  1  square  inch. 

Gauged  length,  10  . 


Applied 

loads  per 

square 

Inch. 

Pounds. 
1,000 
5,000 
10,000 
30,000 
35,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
52,000 
56,000 
60,000 
64,000 
08,000 
69,600 
0 

In  gauge 

Elonga- 
tion. 

Inch. 

0. 
.0013 
.oo;* 
.0101 
.0120 
.0140 
.0147 
.0152 

.onu> 

.017S 
.020.'. 
.0241 
.  02X0 
.O.Wl 

.  0  i:i> 
.11 

.20 
.29 
.43 

d  length. 

'Rot. 

Imh. 

0. 

0. 

Remarks. 
Initial  load. 

Tensile  strength. 

=7.6  per  cent  elongation. 

0. 
0. 
0. 

.0044 

.0472 

.76 

Elongation  of  inch  sections,  ''.07,  ^".04,  ''.OS,  ''.07,  ".09,  ".11*,  ".10, 
".06,  ".08,  ".06. 

Diameter  at  fracture,  1".05;  area,  .866  square  inch. 

Contraction  of  area,  13.4  per  cent. 

Fractured  4".75  from  the  iieck. 

Appearance  of  fracture,  granular.  One  side  of  stem  thickly 
stuclded  with  blow  holes,  ".03  to  ".06  diameter. 
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No.  8360. 


42i 


Longitudinal  specimen  from  (ilge  of  slice. 

Marks,  66. 

Diameter,  r.l29. 

Sectional  area,  1  squaro  inch. 

Gauged  length,  10  . 


I 


Applied 

loads  per 

squaro 

Inch. 


Pound*. 

1,0(X) 

5,000 

10,000 

30,000 

:«,ooo 
:w,ooo 
a),ooo 

40,000 
41.000 
42.000 

4;<,()00 

43,^100 
0 


In  gaiigeil  Icn^h. 


Elonga- 
tion. 


I 


Rcinarks. 


Set. 


Inch.  I  nth. 

0.  0.  Iniliaiload. 

.0012  0. 

.  ()»).  0  

.!):()."!  0. 

.0:27  0. 

.01-12  ' 

.oi.-i;  j 

.0210  '  .0001 

.0250  

.0:m  ' 

.0472  ' 

f Tonsili'  strrngth. 

.13  ' I  '=  1.3  per  cent  ilnngation. 


Diameter  at  fracture,  I'^.ll;  area,  .968  square  inch. 

Contraction  of  area,  3.2  per  cent. 

Fractured  1^  from  the  neck. 

Appearance  of  fracture,  granular,  45  per  cent ;  spongy,  55  per  cent. 
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No.  388. 
Marks,  .82  C. 

Gautier  steel  bar;  0.82  per  cent  carbon.     Hot-rolled  bar. 
Diameter,  1^.     Speed  or  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaaed  over  4"  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Maxi- 
mum 

stress 

per 
sqiiaro 
inch. 


Pounds 
40.000 
40,000 
40,000 


40,000 


Number  of  rotations. 


Successive.       Total. 


58,140.720 
103,20:i,390 
152,G2y,200 


Micrometer  readings 
for  (i(»n(x;tlons. 


On  I 

line. 


Un- 
load- 
ed. 


43,002,670 
49,425,810 

7,383,130 


160,012,330 


Inch. 


Load- 
ed. 


Un- 
load- 
ed. 


1   Do- 
tions. 


Inch.    Inch.  ,  Inch. 


Sets. 


In(h. 


Remarks. 


Ileport<^d  in  1904. 
Reported  in  1905. 

Rested  20  days  with- 
out load. 

Bar  not  ruptured. 
Still  running. 


No.  405. 
Marks,  1.09  C. 

Gautier  steel  bar;  1.09  per  cent  carbon.     Hot-rolled  bar. 
Diameter,  I''.     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33''. 
Loaded  over  4^  length  at  middle. 
Deflections  measured  on  chord  of  10". 


Remarks. 


Reported  In  1905. 


35,000 


Rested  20  days  with- 
out load. 

Bar  not  ruptured. 
Still  running. 
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No.  406. 
Marks,  .17  C  An. 
Aimealed  series. 

Gautier  steel  bar;  0.17  per  cent  carbon.     Hot-rolled  bar. 
Diameter,  l'^.     Speed  or  rotation,  500  per  minute. 
Length  between  end  supports,  SS''. 
Loaded  over  4^  length  at  middle. 
Deflections  measured  on  chord  of  10'^. 


Maxi- 
mum 

stnsa 

squan^    Successive 
inch. 

Pound J 
40.000 


40,000 
40,000 
40,000 
40,000 


NurnlxT  of  rotations. 


Total. 


175,780  I 


0  1 

0 

100 

100 

900 

1.000 

9,000 

10,000 

1&'),780 


Mioromot^^r  rMidings 
for  (loflcctions. 

floc- 
tions. 

Inch. 
.  0315 

.o:n8 
.o:f22 

.0:J23 
.0318 

.03;« 

.  0318 
.0331 

Si^ts. 

Inih. 
.0002  : 
.0005 

.0000 
.0017 

.0094 
.0110 

.0074 
.0053 

llno.i    ^j      ^    cd.        ^j 

Inch.     Inch.     Inch. 
a    .\:m    .1245  rum 
b    .15(13    .1240    .irm 

a     .15(10     .1232     .1554 
b     .  1570  .  .  V2'M     .  15.'.3 

a     .lf>04     .1192     .1510 
b     .1005     .lllio     .1495 

a  '  . 1072     . 1280  1  . 1598 
b     .  1523     . 1139  ,  .  1470 

1              1 
1 

Remarks. 


Bar  run  hot. 


Bar  ruptured  I'MO 
north  of  the  north 
edge  of  south  mid- 
dle bearing,  or  be- 
tween middle  bear- 
ings. 
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No.  407. 
Marks,  .17C-An. 
Annealed  series. 

Gautier  steel  bar;  0.17  per  cent  carbon.     Hot-rolled  bar. 
Diameter,  V.     Speed  or  rotation,  500  per  minute. 
Length  between  end  supports,  33'^. 
Loaaed  over  4:^  length  at  middle. 
Deflections  measured  on  chord  of  lO'^. 


Max- 
imum 
fiber 
stress 

per 
sciuare 
inch. 


Pounds. 
40,000 


40,000 
40,000 
40,000 
40,000 
40,000 
40,000 
40.000 
40.000 
40,000 
40,000 
40,000 
40,000 
,  40,  (KX) 

,  40,  aw 


Number  of  rotations. 


Successive. 


40.000 


j  40.000 

I 

40.000 
40,000 


.""..fiOO 


Total. 


100 

100 

1,000 

1,100 

10,000 

11,100 

88,900 

100,000 

0 

100,000 

100 

100,100 

1,000 

101,100 

10,000 

111,100 

38,900 

150,000 

0 

150,000 

100 

150,100 

1,000 

151,100 

10.  (XX) 

Ifil.lOO 

38,900 

200.000 

0 

200.000 

100 

2(X),  HX) 

1,000 

201,  KX) 

Micrometer  readings  for 
deflections. 


On 
line. 


20Ci,  7(X) 


Un- 
load- 
ed. 


Inch. 
.  1573 
.1571 

.1568 
.1575 

.  1589 
.1585 

.  1491 
.1G57 

.  16,38 
.1577 

.  1628 
.1523 

.1584 
.1565 

.1649 
.  1598 

.ir.90 
.148() 

.  law 

.  1545 

.  1524 
.1620 

.  irm 

.  1634 

.  I7a3 

.  l^•^^. 

.  I6.')5 
.  1518 

.1702 
.  UM) 

.1440 
.  1740 

.1482 
.1732 

.1467 
.  1745 


Load- 
ed 


Inch. 
.1250 
.•1248 

.1249 
.1248 

.1236 
.1233 

.1157 
.1220 

.1233 
.1182 

.1302 
.1174 

.1250  ! 
.113,') 

.1202 
.1080 

.1327 
.1120 

.1261 
.1141 

.1185 
.1232 

.1170 
.  lia") 

.1170 

.•nx\ 

.1286 

.ur,2 

.1279 
.1172 

.  10»".5 

.  mo 

.  I0<V1 
.  IXU) 

.1041 
.12S0 


Un- 
load- 
ed. 


Inch. 
.1570 
.1570 

.1570 
.1570 

.1560 
.1558 

.1487 
.1550 

.  1565 
.  1515 

.1622 
.1490 

.  1578 
.  14(V2 

.  l.')32 
.1411 

.  1655 
.  14.'i4 

.  irm 

.  1476 

.  1512 
.1545 

.\rm 

.  1518  j 

.  I5a5  ' 

.  14<52 


.  1370 
.16a') 


De- 
flec- 
tions. 


Sets. 


IncK    Inch. 


03-20 
.0322 


.0321 
.0322 


.0324 
.0325 


.0330 
.0330 


.0332 
.0333 


.0320 
.0316 


.0328 
.0327 


.0330 
.0331 


.0328 
.(K«4 


.0,'m 


.0327 
..0313 


.o:«2 

..0323 


.  («:i5 
.  (W29 


.1612 
.148;j 

.0326 

.03;n 

.  1605 
.1498 

.a32») 

.i:i83 
.  167S 

.a3is 

.1390 

.  0326 
.0323 

.0329 
.0:V25 


.0003 
.(KX)1 


.0002 
.0005 


.(X)29 
.0027 


.0004 
.0107 


.0073 
.00t>2 


.0006 
.0033 


.0006 
.0103 


.0117 
.0187 


.00:52 


.0060 

.m,9 


.0012 
.0075 


.0003 
.0116 


.0198 
.0173 


.0043 
.0035 


.0007 

.ocm 


.0a')7 
.0062 


.0092 
.0079 


.0097 
.0140 


Remarks. 


Bar  annealed. 


Bar  annealed. 


Bar  annealed. 


Bar  run turpd  at  cen- 
ter of  north  middle 
be«  ring.  | 
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ENDURANCE    OF    ROTATING    SHAFTS. 
No.  408. 


Marks,  .17C-An. 

Annealed  series. 

Gautier  steel  bcir;  0.17  per  cent  carbon.     Ilot-rolled  bar. 

Diameter,  1^.     Speed  or  rotation,  500  per  minute. 

Length  between  end  supports,  SS''. 

Ijoaded  over  4"  length  at  middle. 

Deflections  measured  on  chord  of  10'^. 


Maxi- 
mum 
fl])er 
stress 

per 
square 
inch. 

Number  ol  rotations. 

Micrometer  readings  for 
deflections. 

De- 

Successive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Inch. 

.  1557 
.  1559 

.155,5 
.1559 

.1550 
.1564 

.1552 
.1591 

.1014 
.1549 

.1585 
.  Ifs'VS 

.1547 
.1503 

Load- 
ed. 

Un- 
load- 
ed. 

Inch. 
.1554 
.1555 

.1.555 
.1555 

.1550 
.1552 

.1518 
.1523 

.1502 
.1505 

.  1549 
.1438 

ll  w-  ,  Sets, 
tions.  1 

Pounds. 
40,000 

40,000 

40,000 

40,000 

40,000 

40.000 

40.000 

10,000 

40,000 

40,000 

40,000 

40,000 

40,000 

40.000 

40,000 

40,000 

40,000 

40.000 

40.000 

0 

0 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 

b 

a 
b 

a 
b 

S 

a 
b 

a 
b 

a 
b 

ft 
b 

a 
b 

a 
b 

a 
b 

a 
b 

a 
b 

Inch. 
.1235 
.1234 

.1234 
.1230 

.1231 
.1231 

.1195 
.1194 

.  123.5 
.1175 

.1224 

Inch.    Imh. 
.0319     .000;^ 

.o:ei  1  .0004 

.0321   0. 
.0325  1  .0004 

1 
.0319  0. 
.0321      .0012 

.a323     .0034 
.0329     .0068 

.0327     .0a52 
.  0330     .  0044 

100 

100 

1,000 

1,100 

10,000 

11,100 

88,900 

100,000 

0 

100.000 

.0325 
.0273 

.0319 
.0325 

.0030 
.0117 

.0007 
.0081 

Bar  annealed. 

100 

100,100 

.  1221  .  .  1540 
.  1157      .  1482 

1,000 

101, 100 

1       " 
.  1549     .  1170 
.  1592  ;  .  1115 

.  1005  ,  .  1244 
.  1532     .  1102 

.  1520     .  1181 
.  1590     .  UKi 

.1541  .  .1211 
.  1550  ,  .  1180 

.  l.-WiO     .  1182 
.1578     .11.32 

.1470     .1114 
.1027     .1074 

.1513  1  .1180 
.  l.'>73  '  .  1209 

.1500 
.1445 

.  l,5t)2 
.1490 

.  1512 
.1512 

.  1533 
.1.500 

.1.508 
.14.58 

.  1443 
.1408 

.  1.510 
.  1533 

.Oa-'i)     .0049 
.0;i30     .0147 

.0318  ,  .0043 
.a3'28     .0042 

.0331    .ooas 

.0327     .0078 

.0322    .ooas 

.  0320     .  00.50 

10,000 

111,100 

39,900 

151,000 

Bar  run  hot. 

0 

151,000 

Bar  annealed. 

100 

151.100 

.  0.320 
.0320 

.0.329 

.03:« 

.  0.330 
.0:«4 

.o:«.s 
.o;5:« 

.0.328 

.o:go 

.0.3.30 

.o:»2 

.a3.38 
.0341 

.0042 
.0120 

.0027 
.0219 

.ooa3 

.0040 

.0017 
.0024 

.0010 
.  0043 

.0020 
.  OJO,") 

.0017 
.02.58 

1,000 

152, 100 

10,000 



102. 100 

38,900 

201,000 

.1580 
.  1524 

.1528 
.  l.')70 

.1445 
.1()G0 

.1425 
.1(>58 

.  I2a5    .  i.v.a 

. 1170     . 1500 

.1190     .1518 
.  1207      .  1527 

0 

201.000 

Bar  anncflied. 

100 

201.100 

.1095 
.1123 

.1070 
.1059 

.  142.5 
.1455 

.1408 
.1400 

1.000 

202,100 

Bar    ruptured    '.dO 
south     of     south 
edge      of      north 
middle  bearing. 

2.330 

204,430 
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ENDURANCE   OF    ROTATING   SHAFTS. 

No.  409. 
Marks,  .17  C-^An. 
Annealed  series. 

Gautier  steel  bar;  0.17  per  cent  carbon.     Hot-rolled  bar. 
Diameter,  1'^.     Speed  or  rotation,  500  per  minute. 
Length  between  end  supports,  SS''. 
Loaded  over  4'^  length  at  middle. 
Deflections  measured  on  chord  of  10'^. 


439 


Maxi- 
mum 
fil)er 

Number  of  rotations.   ';   ^^^--Tn^Cf.'"" 

De- 

stress 

pcT 
squan.? 
inch. 

Succossivo. 
0 

Tot.i.      \S^. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Oec- 
tions. 

Sets. 

Remarks. 

Pounds 
40,000 

0 

a 
b 

a 
h 

Inch. 
.1560 
.1564 

.1552 
.1568 

.1638 
.1623 

.1665 
.1622 

Inch. 
.1238 
.1260 

.1227 
.1237 

.1170 
.1164 

.1280 
.1146 

Inch. 
.1569 
.1560 

.1552 
.1564 

.1502 
.1496 

.1600 
-1475 

Inch.  ,  Inch. 
.0321  1  .0001 
.0310     .0004 

.0325  'o. 
.0317     .0014 

1 

Bar  niptured    I'.eo 
north  of  north  edge 
of    south    middle 
bearing,  or  between 
middle  bearings. 

40,000 

100 

100 

40,000 

1,000 

1,100 

a 
b 

.0332 

.0320 
.0329 

.0136 
.0127 

.0066 
.0047 

40,000 

10,000 

11,100 

a 
b 

40,000 

211,670 

222,770 

1 
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No.  410. 
Marks,  .17  C-An. 
Annealed  series. 

Gautier  steel  bar;  0.17  per  cent  carbon.    Hot-rolled  bar. 
Diameter,  l'^.     Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33". 
Loaded  over  4^^  length  at  middle. 
Deflections  measured  on  chord  of  10^. 


Maxi- 
mum 
fiber 
stress 

per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings  for 
deflections. 

De- 

nec- 

tions. 

Sets. 

Remarks. 

Suooossive. 

Total. 

On 
line. 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
40,000 

40,000 

40,000 

40,000 

40,000 

40,000 

40,000 

40.000 

40,000 

40,000 

40,000 

40.000 

40,000 

40,000 

40,000 

0 

0 

b 

Inch. 
.1562 
.1565 

.1560 
.1570 

Inch. 
.1238 
.1235 

.1228 
.1230 

Inch. 
.1560 
.1560 

.1556 
.1556 

.1495 
.1488 

.1475 
.1610 

.1605 
.1530 

.1662 
.1664 

.1565 
.1565 

.1509 
.1485 

.1615 
.1462 

.1603 
.1480 

.1572 
.1519 

.1541 
.1494 

.1439 
.1424 

.1626 
.1528 

Inch. 
.0322 
.0326 

.0327 
.0326 

.0332 
.0334 

.0327 
.0312 

.0332 
.0329 

.0322 
.0319 

.0328 
.0324 

.0333 
.0333 

.0325 
.0331 

.0326 
.0332 

.0316 
.0315 

.0324 
.0314 

.0328 
.0330 

.0328 
.0326 

Inch. 
.0002 
.0005 

.0005 
.0014 

.0129 
.0146 

0. 
.0045 

.0002 
.0093 

.0007 

.0006 
.0026 

.0166 
.0143 

.0059 
.0038 

.0056 
.0036 

.0004 
.0006 

.0063 
.0066 

.0064 
.0227 

.0011 
.0022 

Bar  run  hot. 
Bar  annealed. 

Bar  hot. 
Bar  annealed. 

Bar  hot. 

Bar   ruptured    1».40 
north  of  north  edge 
of    south    mlddlo 
bearing. 

100 

100 

1,000 

1,100 

.  1624  1  .  1163 
.  1635     .  1155 

10.000 

11,100 

.1475 
.1655 

.1507 
.1623 

.1564 
.1671 

.1560 
.1580 

.1665 
.1628 

.1674 
.1500 

.1659 
.1516 

.1576 
.1527 

.1594 
.1550 

.1503 
.1651 

.1637 
.1560 

.1148 
.1298 

.1173 
.1201 

.1240 
.1245 

.1227 
.1231 

.1176 
.1152 

.1290 
.1131 

.1277 
.1148 

.1267 
.1204 

.1217 
.1180 

.nil 

.1094 

.1198 
.1202 

38,000 

50,000 

0 

60,000 

100 

50,100 

1,000 

51,100 

10.000 

61,100 

38.900 

100.000 

0 

100,000 

100 

100,100 

1.000 

101.100 

10.000 

111.100 

14,410 

125,510 
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No.  411. 
Marks,  T.-65. 
Railroad  rail  head. 

Diameter,  V.    Speed  of  rotation,  500  per  minute. 
Length  between  end  supports,  33''. 
Loaded  over  V  length  at  middle. 
Deflections  measured  on  chord  of  10'^. 


Maxi- 

muzn 
fiber 
stress 

per 
square 
inch. 

Number  of  rotations. 

Micrometer  readings 
for  deflections. 

De- 
flec- 
tions. 

Sots. 

Remarks. 

Suooesslve. 

Total. 

On 
Une. 

a 
b 

Un- 
load- 
ed. 

Load- 
ed. 

Un- 
load- 
ed. 

Pounds 
40,000 

40,000 

40,000 

40,000 

40,000 

40,000 

0 

0 

Inch. 
.1560 
.1563 

.1557 
.1561 

.1560 
.1560 

.1558 
.1561 

Inch. 
.1220 
.1230 

Inch. 
.1550 
.1557 

Inch.     Inch. 
.0330     .0010 
.0327     .000() 

.0332  0. 

Bar  rested  20  days 
without  load. 

Bar  not  ruptured. 
Still  running. 

100 

100 

a 
b 

a 
b 

.1225     .1557 
.  1230  '  .  1566 

1,000 

1,100 

.1221     .1550     .0338  '  .0001 
.1230     .1560     .0330,0. 

.1220  '  .1558     .0338  0. 
.1225     .1560     .0335     .0001 

10,000 



11,100 

a 
b 

50,226,480 

50  237..V« 

7,687.880       57. 025.460 

. 

1 

No.  412. 
Marks,  .34C. 

Gautier  steel  bar;  0.34  per  cent  carbon.     Hot-rolled  bar. 
Diameter,  V.     Speed  of  rotation,  500  per  minute. 
Ijcnffth  between  end  supports,  33'^. 
Loaded  over  V  length  at  middle. 
Deflections  measured  on  chord  of  10'^. 


Maxi- 
mum 
fi])er 
stress 

pt'r 
square 
inch. 


Pound,^. 
40,000 


40.000 
40.000 
40,000 
40,000 
40,000 
40,000 


Number  of  rotations. 


Suocossivo 

0 

100 

1,000 

10,000 

88,000 

27.354,580 

7,606,920 


Total. 


Micrometer  readings 
for  deflections. 


On 
linn. 


27,454,580  < 


35,061,500 


100  a 
'  b 

1,100  !  a 
'  b 

11,100  a 
b 

100.000  a 
b 


Un- 
load- 
ed. 


Load- 
ed. 


Inch. 
.1568 

.1568 
.1507 


.1565 
.1570 


.1573 
.1571 


Inch. 
\' .  124.i 
j  .1243 

.1245 
.1245 

.1244 
.1240 
I 
.1241 
.1236 

I  .1237 
.1230 


ITn- 
loatl- 
ed. 


Inch. 
.  15(')6 
.1566 

.1567  ' 
.1505  . 

.  1565 
.  15(i6 

.  1563 
.15(i3 

.1562 
.15(» 


De- 
flec- 
tions. 


Sets. 


Inch.  Inch. 

.0:i23  I  .0002 

.0323  .0001 

.a%22  I  .0001 

.0320  I  .0002 

.0321  .0001 

.0326  .0003 


.0322  , 
.0327 


.0325  ! 
.0330 


0002 
0007 


.0011 
.0011 


Remarks. 


Bar  rested  without 
load  20  days. 

Bar  not  ruptured. 
Still  running. 
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TENSILE  8PECIMEN8  FROM  RUPTURED  ENDURANCE  SHAFTS.       445 

Tension  Tests  of  Specimens  from  Ruptured  Endurance  Shafts. 
Taken  from  outer  ends. 


No.  8257. 
Marks,  .82C-385. 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 

Applied 

IoadH  per 

stiuare 

inch. 

Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
50, 0(X) 

In  gauged  length. 

Remarks 

Elonga- 
tion. 

Inch. 

0. 
.000? 
.000(» 
.0020 

.oa'io 

.0040 
.0050 
.006*) 
.0066 

Set. 

Inch. 

0. 

0. 

Initial  load. 
Elastic  limit. 

Tensile  strength. 
=»  7.3  per  cent. 

0. 

60,000 
64,000 

0. 

66,000 

.0078 
.0138 
.015.'-) 
.0176 
.0106 
.022:? 
.0270 
.a?18 
.0380 

68,000 

70,000 
72,000 

.0075 

74,000 

76,000 



80,000 

84,000 

88,000 

92.000 

.aJ25 



<«,000    j           .0485 
100.000               .0-^5 
\0X, 000                .  07 

.0402 

1 16, 000 

.09 
.11 
.13 
.20 

121.000 

132,  (XK) 

140,000 

142,800 

0 

.22 

Elongation  of  inch  sections,  ''.06,  ".09*,  ".07*. 
Diameter  at  fracture,  ".53;  area,  .2206  square  inch. 
Contraction  of  area,  11.8  per  cent. 
Position  of  fracture,  l".ll  from  the  neck. 

Appearance  of  fracture,  fine  granular.     Fractured  at  center-pimch 
mark  defining  inch  sections. 


Digitized  by  VjOOQ IC 


i.TX<l.l  IVO* 


Diameter,  ''.564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3". 

Metal  of  endurance  shaft  was  annealed. 


Applied 
loiifis  per 

inch. 


Pounds. 
1,000 
5,000 
10,000 
20,000 
30,000 
35,000 
39.000 
40,000 
36.000 
37,000 
38,000 
40.000 
42,000 
44,000 
48,000 
52.000 
56,000 
60,000 
64,000 
66,320 
0 


In  gauged  length. 


Elonga- 
tion. 


Remarks. 


Inch. 

0. 
.0003 
.0009 
.0019 
.0029 
.00»l 
.0a38 


Set. 


Inch. 

0. 

0. 


Initial  load. 


Klnstic  limit. 

.00.>'i     Load  fell. 

.0070    I 

.0as8    I 

.0205    I 

.of>:>3 

.0755 

.11 

.14 

.18 

.25 

.37 


.90 


Tensile  strength. 
=•  30  per  cent. 


Elongation  of  inch  sections,  ''.20,  ^^.48*,  ''.22. 
Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 
Contraction  of  area,  54.6  per  cent. 
Position  of  fracture,  V,7  rrom  the  neck. 
Appearance  of  fracture,  fine  silky. 


Diameter,  ^^.564. 

Sectional  area,  .25  square  inch. 

Gauged  length,  3^. 

Metal  of  endurance  shaft  was  annealed. 


Applied 

loads  per 

square 

inch. 


In  gauged  length. 


Pounds. 
1,000 
5,000 
10,000 
30.000 
35,000 
40,000 
41,000 
42,000 
36,000 
37,000 
38,000 
40,000 
44,000 
48,000 
52,000 
56,000 
60,000 
64.000 
66,400 
0 


Elonga- 
tion. 

Set. 

Inch. 

0. 

.0003 
.0009 

Inch. 

0. 

0. 

.0029 

.oa35 

6. 

.0039 

.0040 

.0042 

.0081 

.0104 

.0147 

.0585 

.07 

" 

.10 

.13 

.17 

.23 

.36 

.94 

Remarks. 


Initial  load. 


Elastic  limit.    Load  fell. 


Tensile  strength. 
=-31.3  percent. 


Elongation  of  inch  sections,  ''.23,  ".50*,  ''.21. 
Diameter  at  fracture. ''.38;  area,  .1134  square  inch. 
Contraction  of  area,  o4.6  per  cent. 
Position  of  fracture,  at  middle  of  stem. 
Appearance  of  fracture,  fine  silky. 
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No.  8260. 
Marks,  .17C-An-408. 
Diameter,  ''.564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 
Metal  of  endurance  shaft  was  annealed. 


Applied 

loads  per 

sqaare 

Inch. 


Pounds. 
1,000 
5,000 
10,000 
30.000 
35,000 
40,000 
36.000 
37,000 
38,000 
3'),  000 
40,000 
44,000 
48,000 
52,000 
56,000 
60.000 
04,000 
65.600 
0 


In  gauged  length. 


Elonga- 
tion. 


Bet. 


Remarks. 


Inch.  Inch. 

0.  0.  Initial  load. 

.0003  0. 

.0009  I 

.0030  0. 

.0035  I 

.0040  Elastic  limit.    Load  fell. 

.0066  ' I 

.0091  ' I 

.0116  

.0645  1 

.0590  i I 

.08  1 

.10  

.14  1 

.18  

.25  I I 

.39  

I Tensile  strength. 

.80  I I  « 26.7  percent. 


Elongations  of  inch  sections,  ''.15,  'MS,  ".47*. 
Diameter  at  fracture,  ".38;  area,  .1134  square  inch. 
Contraction  of  area,  54.6  per  cent. 
Position  of  fracture,  ".9  from  the  neck. 
Appearacne  of  fracture,  fine  silky. 
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Marks,  .17C-An-409. 
Diameter,  ^.564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3^^. 


No.  8261. 


AppUed 

loads  per 

square 

inch. 

In  gauged  length. 

Remarks. 

Elonga^ 
tion. 

Inch. 
0. 
.0003 

OOOQ 

Set. 

Pounds. 
1,000 
5,000 
10,000 

Inch. 

0. 

0. 

Initlalload. 

Elastic  limit.    Load  fell. 

Tensile  strength. 
=  30  per  cent. 

30,000             .0030 
35,000             .0035 

0. 

40,000              .0041 
44,000              .0045 

0. 

41,000              .0076 

42,000             .0085 

:::::::::::: 

43,000              .0114 

44,000    i         .0680 

48,000    1          .09 

52,000    1         .12 
56,000    i         .15 
e0,000    1         .20 
64.000    •         -20 

68,000 
0 

.60 
.90 

Elongation  of  inch  sections,  '^.IT, 
Diameter  at  fracture,  ".37;  area. 
Contraction  of  area,  57  per  cent. 
Position  of  fracture,  V.dl  from  the  neck. 
Appearance  of  fracture,  fine  silky. 
H.  Doc.  26,  59-2 29 


'.44*,  \29, 

107  square  inch. 
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450      TENBILE  SPECIMENS  FBOM  RUPTURED  ENDURANCE  SHAFTS. 

No.  8262. 
Marks,  .17C-An-410. 
Diameter,  ^^.564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  S^. 


loads  per 
square 
Inch. 

Pounds. 
1,000 
6,000 
10,000 
30,000 
35,000 
38,000 
33,000 
34,000 
35,000 
36,000 
38,000 
40,000 
44,000 
48,000 
52,000 
56,000 
60,000 
64,000 
66,600 
0 

In  gauged  length. 

Remarks. 

Elonga- 
tion. 

Inch. 

0. 

.0004 
.0010 
.0031 
.0036 
.0030 
.0080 
.0128 
.0380 
.0415 
.0485 
.0595 
.08 
.11 
.14 
.10 
.25 
.41 

Set. 

Inch. 

0. 

0. 

Initial  load. 

.0001 

Elastic  lln:it.    Load  fell. 



Tensile  strength. 

.04 

—  31.3  percent. 

Elongation  of  inch  sections,  *'.21, 
Diameter  at  fracture,  ^.38;  area,  . 
Contraction  of  area,  54.6  per  cent. 
Position  of  fracture,  1^^.87  from  the  neck, 
Appearance  of  fracture,  fine  silky. 


'^.50*,  '^.23. 

1134  square  inch. 
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TENSILE  RPE0IMEN8  FROM  RUPTURED  ENDURANCE  SHAFTS.       451 

No.  8293. 
Endurance  shaft  No.  301. 
Marks,  7  B17  Y  1-1. 
Dii  meter,  ^^.564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3". 
Annealed  in  arsenal  smith  shop. 
For  earher  test  of  this  shaft  see  Report  1902,  page  298. 


loads  per 
square 
inch. 

Pounds. 
1,000 
5.000 
10,000 
30,000 
40.000 
60.000 
60,000 
70,000 
75,000 
80.000 
90.000 
93,000 
94,000 
89.000 
90.000 
91,000 
92.000 
95,000 
100,000 
105.000 
110,000 
132,400 
0 

In  gauged  length. 

Remarks. 

Elongar           3-^ 

! 

Inch. 

0. 

.0005 
.0008 
.0027 
.0039 
.0050 
.OOtiO 
.0071 
.0077 
.0OS4 
.0095 
.0104 

Inch. 

0. 

0. 

Initial  load. 

Ehifltic  limit. 
Load  fell. 

Tensile  strength. 

—  14.7  per  cent  elongation. 

0. 

0. 

0. 
.0003 

.0130 
.0142 
.0200 
.0332 
.0435 
.0546 
.0695 
.0903 

.44 

Elongation  of  inch  sections,  *.08,  ''.22*,  ".14. 
Diameter  at  fracture,  *.47;  area,  .1735  square  inch. 
Contraction  of  area,  30.6  per  cent. 
Fractured,  1''.38  from  the  neck. 
Appearance  of  fracture,  fine  granular,  gray. 
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452       TENSILE  SPECIMENS  FROM  RUPTURED  ENDURANCE  SHAFTS. 

No.  8294. 
Endxirance  shaft  No.  301. 
Marks,  7  B17  Y  1-1. 
Diameter,  ^^.564. 
Sectional  area,  .25  square  inch. 
Gauged  length,  3*. 
Annealed  in  arsenal  smith  shop. 


^     „   .          In  gauged  length. 
Applied    ' 
loads  per  


J  per 
square 
inch. 


Pounds. 
1,000 
6,000 
10,000 
30,000 
40,000 
50,000 
60,000 
70.000 
75.000 
80,000 
81,000 
82.000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
80,000 

go.  000 

91,000 
02.000 
93,000 
04,000 
05,000 
100,000 
105,000 
110.000 
145,600 
0 


Elonga- 
tion. 


Inch. 
0. 

.0003 

.0007 

.00-^ 

.0039 

.0050    I 

.0063 

.0062 

.0092 

.0106 

.0112    I 

.0115    I 

.0118 

.0121 

.0124    , 

.0127    I 

.0133 

.0136    ' 

.0141 

.0146 

.0156 

.0150 

.0165 

.0172 

.0178 

.0226 

.0282 

.0371 


.24 


Set. 


Inch, 

0. 

0. 


.0003 
.0011 


.0023 


.0051 


Remarks. 


Initial  load. 


Tensile  strensth. 

—8  per  cent  elongation. 


Elongation  of  inch  sections,  *.08, 
Diameter  at  fracture,  ^^.53;  area. 
Contraction  of  area,  11.8  per  cent. 
Fractured  1'^.2  from  the  neck. 
Appearance  of  fracture,  fine  granular, 
Elastic  limit  not  well  defined. 


*.09*,  *.07. 

2206  square  inch. 
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CONCRETE  AND  MORTAR  COLUMN 


PLAIN  AND  REfiNFORCED  WITH  STEEL  WIR] 
HOOPS  (WITH  AND  WITHOUT  LONGITUD 
ANGLE  BARS),  AND  KAHN  AND  TRUJ^ 
CON   BARS  (WITH  AND  WITH- 
OUT HOOPS). 
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LAMPHILU  ART  C  O 
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CAMPRELL    AHT    CO 
CLIZAHf  TH.     N.  J- 
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Reenforced  with  steel  wire  cage,  S'^XS"  meshes;  33  circular  wires 
".145  diameter  each,  electrically  welded  ends;  13  longitudinal  wires 
^^.104  diameter  each:  intersections  electrically  welded. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  2;  trap  rock  (l^ 
to  1  J"),  4.     Water,  52.9  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  montns  13  days. 
Weight  of  column,  total,  1,031  pounds. 

Weight  of  concrete,  1,022  poimas=  149.4  poimds  per  cubic  foot. 
Weight  of  wire  cage,  9  pounds. 
Height  of  column,  97.30  inches. 
Diameter  of  column,  12.45  inches. 
Sectional  area,  gross,  121.74  square  inches. 
Gauged  length,  50^". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 

Compres- 
sion. 

Set. 
Inch. 

Pounds. 

Pounds. 

Inch. 

12,174 

100 

0. 

0. 

Initial  load.    Loaded  with  9,000  pounds  before 
testing. 

18,261 

150 

.0005 

0. 

24,348 

200 

.0009 

0. 

30,435 

250 

.0015 

0. 

36,S22 

300 

.0020 

0. 

42,609 

350 

.0026 

.0001 

48,696 

400 

.0034 

.0001 

54,783 

450 

.0041 

0003 

60,870 

500 

.0049 

.0004 

66,957 

550 

.0056 

.0006 

73,044 

600 

.0064 

.0006 

E  (100-600) =4,310,000  potmds  per  square  inch. 

600 

.0067 

.0008 

79,131 

650 

.0077 

.0010 

85,218 

700 

.0083 

.0010 

91,305 

750 

.0094 

.0014 

97,392 

800 

.0100 

.0014 

103,479 

850 

.0109 

.0017 

109,566 

900 

.0119 

.0018 

115,653 

950 

.0129 

.0020 

121,740 

1,000 

.0137 

.0021 

E  (600-1,000)  -3,448,000  pounds  per  square  inch. 

600 

.0088 

.0021 

600 

.0087 

.0021 

133,914 

1,100 

.0153 

.0024 

146,088 

1,200 

.0171 

.0027 

Rested  under  initial  load  16  hours. 

158,262 

1,300 

.0179 

.0029 

170,436 

1,400 

.0205 

.0032 

182,610 

1,500 

.0229 

.0040 

E    (1,000-1,500)-3,425,000  pounds  per  square 
inch. 

)ogIe 


462 


OONOBETE    AND    MOBTAR    COLUMNS. 
No.  1724 — Continued. 


AppUed  loads. 

In  gauge .1  length. 

Remarks. 

Total. 

Per  square 

Comprea- 
sion. 

Set. 

Pounds. 

Pounds. 
600 
600 

1,000 
1,700 
1,800 
1,900 
2,000 

600 
600 

2,100 
2,200 
2,300 
2,400 
2,500 

600 
600 

2,600 
2,610 

Inch. 
.0122 
.0122 

.0249 
.0285 
.0305 
.0336 
.0369 

.0175 
.0175 

.0410 
.0450 
.0500 
.0564 
.0647 

.0335 
.0338 

Inch. 
.0040 
.0040 

.0050 
.0065 
.0074 
.0089 
.    .0095 

.0098 
.0095 

.0109 
.0128 
.0151 
.0184 
.0231 

.0230 
.0224 

E    (1,500-2,000) -2,941,000  pounds  per  square 

194,784 
206,958 
219,132 
231,306 
243,480 

255,654 
267,828 
280,002 
292,176 
304,350 

1 
E    (2,000-2,500)  =  1,761,000  pounds  per  square 

316,524 
318,000 

.0810              .0334 

Ultimate  strength. 

Opened  longitudinal  and  oblique  cracks  along  middle  of  its  height. 
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NO.    1  ,24. 

'  '  r.^I.E  ^E  Cr.l  LivrJ,   1   :  2  :  4   N'lXiURE,   K'LE  rirCF-;.;En  WITH 

STtLL  W'IRL   CAGt,   3-ir^CH    f/LSHF.S. 

'■[■t-;Arjt  b  or  rRAcruFiED  sK'Nion  af-ter  rc^/i-LETioN  or  test. 
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Keenrorcea  witn  steel  wire  cage,  ^r  xz"  mesnes;  4y  circular  wires 
"^.104  diameter  each,  electrically  welded  ends;  19  longitudinal  wires 
'^.104  diameter  each;  intersections  electrically  welded. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  3;  trap  rock  (\" 
to  li'^),  6.     Water,  90.7  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  montns  8  days. 
Weight  of  column,  1,004  pounds. 

Weight  of  concrete,  995.25  pounds  =  150.1  pounds  per  cubic  foot. 
Weight  of  wire  cage,  8.75  pounds. 
Hei^t  of  column,  97.50  inches. 
Diameter  of  column,  12.25  inches. 
Sectional  area,  gross,  117.86  square  inches. 
Gauged  length,  50^^. 


Applied  loads. 

In  gauges 

d  length. 

Remarks. 

Total. 

Per  souare 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Poutid9. 

Inch. 

Inch. 

11,786 

100 

0. 

0. 

Initial  load .    Loaded  with  9,000  pounds  before 
testing. 

17,679 

150 

.0013 

.0005 

23,572 

200 

.0028 

.0010 

29,465 

250 

.0043 

.0014 

35,  .^58 

300 

.0060 

.0020 

41,260 

350 

.0081 

.0029 

47,144 

400 

.0100 

.0036 

53,037 

450 

.0121 

.0047 

58,930 

500 

.0143 

.0054 

64,823 

550 

.0170 

.0067 

70,716 

600 

.0201 

.0082 

E  (100-600) -2,101 ,000  pounds  per  square  inch. 

600 
650 

.0208 
.0232 

.0088 
.0100 

76,609 

82,502 

700 

.0266 

.0117 

88,395 

750 

.0300 

.0135 

94,288 

800 

.0348 

.0164 

100, 181 

850 

.0391 

.0191 

106,074 

900 

.0445 

.0222 

111,967 

950 

.0498 

.0255 

117,860 

1,000 

.0o66 

.0302 

E  (600-1 ,000)  - 1 ,379,000  pounds  per  square  inch. 

600 
600 

1,050 

.0477 
.0476 

.0644 

.0302 
.0303 

.0346 

123,763 

129,646 

1,100 

.0735 

.0411 

Longitudinal  wires  in  lower  part  of  column 
buckle  outward. 
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CONCRETE  AND  MORTAR  COLUMNS. 

No.  1720— Continued. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 

Compres- 
sion. 

set. 

Pounds. 
135,539 
141,432 
147,326 
153,218 
159,111 

Pounds. 
1,150 
1,200 
1,250 
1,300 
1,350 

600 

Inch. 
.0835 
.0940 
.1065 
.1280 
.1500 

.1400 
.1400 

Inch. 
.0480 
.0549 
.0655 
.0818 
.1131 

.1130 
.1140 

Ultimate  stivngth. 

600 

After  making  observations  under  600  pounds  per  square  inch  the 
column  did  not  again  reach  1,350  pounds  per  square  inch.  Upon 
advancement  of  the  load  numerous  longitudinal  cracks,  located 
chiefly  at  the  middle  of  the  height  of  the  column,  developed.  The 
highest  load  now  sustained  was  156,000  pounds,  total. 

Three  circular  wires  at  middle  of  height  of  column  fractured  at  the 
welds.     The  longitudinal  wires  buckled  outward  in  various  places. 
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Keenrorced  with  steel  wire  cage,  Z"  XZ"  mesnes;  49  circular  wires 
'^.144  diameter  each,  electrically  welded  ends;  19  longitudinal  wires 
".104  diameter  each;  intersections  electrically  welded. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  3;  trap  rock  (J^ 
to  li'^),  6.     Water,  83.2  per  cent  of  cement,  by  weight. 
Ase,  set  in  air,  5  montns  8  days. 
Weight  of  column,  total,  1,008  pounds. 

Weight  of  concrete,  995  pounds  =145.7  pounds  per  cubic  foot. 
Weight  of  wire  cage,  13  pounds. 
Height  of  column,  97.30  inches. 
Diameter  of  column,  12.45  inches. 
Sectional  area,  gross,  121.74  square  inches. 
Gauged  length,  50''. 


Appliec 

1  loads. 

In  gauge 

d  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch, 

Inch. 

12,174 

100 

0. 

0. 

Initial  load.  Loaded  with  10,000  pounds  before 
testing. 

18,261 

150 

.0020 

.0004 

24,348 

200 

.0039 

.0009 

30,435 

250 

.0054 

.0014 

36,522 

300 

.0078 

.0026 

42,609 

350 

.0100 

.0035 

48,696 

400 

.0124 

.0047 

54,783 

450 

.0160 

.0062 

60,870 

500 

.0190 

.0079 

6ti,957 

550 

.0220 

.0098 

73,044 

600 

.0256 

.0119 

E  (100-600)  -  1,825,000  pounds  per  square  Inch. 

600 

.0270 

.0128 

79,131 

650 

.0304 

.0144 

85,218 

700 

.0340 

.0164 

91,305 

750 

.0390 

.0196 

97,392 

800 

.0451 

.0233 

103.479 

850 

.0498 

.0271 

109,566 

900 

.0550 

.0294 

115,653 

950 

.0618 

.0341 

Longitudinal  wires  buckled  outward  In  places 
at  lower  end  of  column. 

121,740 

1,000 

.0680 

.0373 

E  (600-1. 000) -1,176.000  pounds  per  square  inch. 
Concrete  flaked  off  in  places  between  circular 

wires  of  cage. 

600 
600 

.0580 
.0580 

.0380 
.0380 

H.  Doc.  26,  59-2 30 
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CONCRETE    AND   MORTAR    COLUMNS. 

No.  1719— Continued. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
127,827 
133,914 
140,001 
146,068 
152,175 
158,262 
164,349 

Pounds. 
1,060 
1,100 
1,160 
1,200 
1,250 
1300 
1,360 

600 
600 

1,380 

Inch. 
.0744 
.0796 
.0865 
.0955 
.1066 
.1185 
.1336 

.1106 
.1105 

Inch. 
.0415 
.0451 
.0493 
.0561 
.0648 
.0736 
.0856 

.0860 
.0860 

Ultimate  strength. 

168,000 

Opened  cracks  and  concrete  flaked  oflf  between  the  wires  of  the 
cage  in  the  lower  three  feet  of  the  column.  The  maximum  load  was 
sustained  during  the  development  of  these  cracks  and  until  the  col- 
umn was  shortened  to  a  total  height  of  96^.90,  a  compression  of  *.40. 

Continuing  the  test  under  gradually  diminishing  loads,  the  column 
was  shortened  to  96*^.72,  a  total  compression  of  ''.SS,  which  occurred 
when  the  load  had  fallen  to  150,000  pounds.  The  permanent  com- 
pression was  chiefly  confined  to  a  section  three  feet  long,  at  the  lower 
end  of  the  column.  Three  circular  wires  of  the  cage  fractured  at 
the  electric  butt  welds. 
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neenrorcea  wiin  sieei  wire  cage,  z  xz  mesnes;  4y  circular  wires 
.144  diameter  each,  electrically  welded  ends;  19  longitudinal  wires 
.104  diameter  each;  intersections  electrically  welded. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  3;  trap  rock  (}^ 
to  li''),  6.     Water,  90.7  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  montns  8  days. 
Weight  of  column,  total,  983  pounds. 

Weight  of  concrete,  970  pounds  =  143.1  pounds  per  cubic  foot. 
Weight  of  wire  cage,  13  pounds. 
Height  of  column,  97.40  inches. 
Diameter  of  column,  12.40  inches. 
Sectional  area,  gross,  120.76  square  inches. 
Gauged  length,  SO''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 
Pounds. 

Per  square 
Indi. 

Pounds. 

Compres- 
sion. 

Set. 

Inch. 

Inch. 

12,076 

100 

0. 

0. 

Initial  load.    Loaded  with  10.000  pounds  before 
testing. 

18,114 

150 

•  .0011 

.0003 

24,152 

200 

.0025 

.0008 

30,190 

250 

.0045 

.0015 

36,228 

300 

.0063 

.0021 

42,266 

350 

.0080 

.0028 

48,304 

400 

.0098 

.0037 

54,342 

450 

.0120 

.0045 

(JO,3S0 

500 

.0144 

.0053 

(-.6,418 

550 

.0164 

.0064 

72,456 

GOO 

.0189 

.0076 

E  (100-600)  =2.212.000  pounds  per  square  inch. 

600 
650 

.0196 
.0217 

.0080 
.0089 

78,494 

84,532 

700 

.0242 

.0101 

Rested  under  Initial  load  16  hours. 

90,570 

760 

.0282 

.0136 

96,608 

800 

.0322 

.0151 

102,646 

850 

.0364 

.0177 

108,684 

900 

.0398 

.0200 

114,722 

950 

.0434 

.0223 

120,760 

1,000 

.0480 

.0248 

E  (600-1, 000) -1,680,000  pojnds  per  square  inch. 

600 
600 

1,050 

.0395 
.0395 

.0540 

.0251 
.0254 

.0278 



126,798 

132,836 

1,100 

.0600 

.0313 

Longitudinal  wires  commence  to  buckle. 

138,874 

1,150 

.0643 

.0344 

144,912 

1,200 

.0736 

.0402 
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OOKOBETE  AND  MOBTAB  COLUMNS. 

No.  1721— Continued. 


Applied  loads. 

Total. 

Perequara 
incn. 

Comprea- 
aion. 

Set. 

Ucinor.;-;.                                  • 

Pounds. 
160,950 
156,988 
163,026 

Pounds. 
1,260 
1,300 
1,350 

600 

600 

1,400 
1,460 
1,500 

600 

600 

1,520 

Inch. 

.0853 
.0925 

.0725 
.0723 

.1030 
.1186 
.1300 

.1045 
.1040 

Inch. 
.0440 
.0460 
.0515 

.0517 
.0516 

.0600 
.0713 
.0609 

.0611 
.0600 

E  (1,000-1,600)— 965,000  pounds  p(>r  square  Inch. 
Ultimate  strength. 

160,064 
175,102 
181,140 

183,500 

Opened  longitudinal  and  oblique  cracks  in  lower  three  feet  of  col- 
umn.    Concrete  flaked  oflf  surface  between  wires  of  cage. 


Digitized  by  VjOOQ IC 


iteeniorced  witn  steel  wire  cage,  6  X  6  mesnes;  66  circular  wires 
'.145  diameter  each,  electrically  welded  ends;  13  longitudinal  wires 
'.104  diameter  each;  intersections  electrically  welded. 


Composition,  by  volume:  Alpha  cement,    1;  sand,   3;  trap 
d"  to  li^)f  6.     Water,  79.4  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  months  11  days. 
Weight  of  column,  total,  1,019  pounds. 

Weight  of  concrete,  1,010  pounds  =  149.6  pounds  per  cubic  foot 
Weight  of  wire  cage,  9  pounds. 
Hei^t  of  colunm,  97.65  inches. 
Diameter  of  column,  12.35  inches. 
Sectional  area,  gross,  119.79  square  inches. 
Gauged  length,  50*. 


rock 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

n,979 

100 

0. 

0. 

Initial  load.    Loaded  with  9,000  pounds  before 
testing. 

17,960 

150 

.0010 

.0002 

23,968 

200 

.0023 

.0006 

29,948 

250 

.0036 

.0009 

36,937 

300 

.0047 

.0010 

41,927 

350 

.0060 

.0014 

47,916 

400 

.0073 

.0018 

63,906 

450 

.0087 

.0021 

89,895 

500 

.0102 

.0026 

66,886 

550 

.0115 

.0030 

71,874 

600 

.0134 

.0038 

E  (100-600) -2,604,000  pounds  per  square  inch. 

600 
650 

.  0137     '          -  0039 

77,864 

.0160 

.0043 

83,853 

700 

.0168 

.0049 

89,843 

750 

.0183 

.0056 

96,832 

800 

.0202 

.0066 

101,822 

850 

.0222 

.0071 

107,811 

900 

.0246 

.0083 

113,801 

950 

.0266 

.0090 

119,790 

1,000 

.0293 

.0106 

E  (600-1 ,000) — 2,174,000  pounds  per  square  Inch. 

600 
600 

.0218 

.0106 

.0217    '          .0106 
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CONCRETE    AND   MORTAR   COLUMNS. 

No.  1725— Continued. 


1        Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inon. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch.   ' 

125,780 

1,060 

.0320 

.0118 

131,760 

1,100 

.0350 

.0135 

137,750 

1,160 

.0384 

.0156 

143,748 

1,200 

.0425 

.0180 

140,738 

1,260 

.0462 

.0200 

165,727 

lldOO 

.0500 

.0224 

161,717 

1,350 

.0555 

.0251 

107,706 

1,400 

.0600 

.0270 

173,696 

1,450 

.0670 

.0332 

170,685 

1,600 

.0748 

.0372 

E   (1,000-1,500)-1,330,000  poanda  per 
inch. 

square    | 

600 
600 

1,560 

.0534 
.0620 

.0868 

.0375 
.0373 

.0467 

185,675 

101,664 

1,600 

.0003 

.0551 

Longitudinal  wires  buckle  outward. 

107,654 

1,660 

.1120 

.0640 

203,643 

1,700 

.1205 

.0770 

600 
600 

1,720 

.0076 
.0075 

.ono 

.0770 

Ultimate  strength. 

206,000 

Opened  lon^tudinal  and  oblique  cracks  at  middle  of  height,  con- 
crete flaking  on  between  wires  of  reenforcing  cage. 


Digitized  by  VjOOQ IC 


X       ^ 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


rlain  column,  without  reenforcmg  metal. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  1.  Water,  38.9 
per  cent  of  cement,  by  weight. 

Age,  set  in  air,  6  months  11  days. 

Weight  of  column,  total,  627  pounds. 

Weight  of  concrete,  627  pounds  =  132.6  pounds  per  cubic  foot. 

Height  of  column,  96.25  mches. 

Diameter  of  column,  10.40  inches. 

Sectional  area,  84.95  square  inches. 

Gauged  length,  50". 

The  temperature  of  the  column  was  about  120°  Fahr.  when  the 
mold  was  removed,  18  hours  after  gauging. 


Applie< 

1  loads. 

In  gauged  length. 

Remarlcs. 

Total. 
Pounds. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Inch. 

Inch. 

8,495 

100 

a 

a 

Initial  ioad.    Loaded  with  9,500  pounds  befo> 
testing. 

12,743 

150 

.0005 

a 

16,990 

200 

.0013 

a 

21,238 

250 

.0020 

.0002 

25,485 

300 

.0030 

.0003 

29,733 

350 

.0038 

.0004 

33,980 

400 

.0047 

.0005 

38,228 

450 

.0055 

.0006 

42,475 

600 

.0065 

.0007 

46,723 

550 

.0074 

.0007 

50,970 

600 

.0083 

.0009 

E  (100-600) -3,378,000  pounds  per  square  inch. 

600 
650 

.0083 
.0091 

.0007 
.0008 

55,218 

59,465 

700 

.0100 

.0010 

63,713 

750 

.0113 

.0011 

67,900 

800 

.0120 

.0011 

72,208 

850 

.0128 

.0012 

76,455 

900 

.0137 

.0014 

80,703 

950 

.0144 

.0014 

1 

84,950 

1,000 

.0154 

.0017 

E  (60O-l,000)-3,175.000pound8per  square  Inch. 

600 
600 

200 
400 
600 
800 
1,000 

.0093 
.0093 

.0025 
.0057 
.0093 
.0125 
.0155 

.0016 
.0016 

800 
600 
400 
200 

.0128 
.0095 
.0060 
.0025 

.0016 

JNo.  1734 — Continued. 


Applied  loads. 

Per  sauare 
Inch. 


ToUl. 


Pounds. 
93,445 
101,940 
110.435 
118,930 
127,425 


135,920 
144,415 
152,910 
161,405 


169,900 


178,395 
186,890 
195,385 
203,880 
212,375 


220,870 
229,365 
237,860 
246,355 
254,850 


263,345 
271,840 
280,335 
288,830 
297,325 


In  gauged  length. 


Ponnds. 
1,100 
1,200 
1,300 
1,400 
1,500 

600 
600 

200 
400 
600 
800 
1,000 
800 
600 
400 
200 

1,600 
1,700 
1,800 
1,900 


2,000 

600 
600 

200 

400 

800 

1,200 

1,600 

2,000 

1,600 

1,200 

800 

400 

200 

2,100 
2,200 
2,300 
2,400 
2,500 

600 
600 

2,600 
2,700 
2,800 
2,900 
3,000 

600 
600 

3,100 
3,200 
3,300 
3,400 
3,500 

600 
600 

200 
400 
800 
1,200 
1,600 
2,000 
2,400 


Compres- 
sion. 


Inch. 
.0171 
.0192 
.0207 
.0225 
.0240 

.0008 
.0100 


.0061 
.0009 
.0132 
.0165 
.0136 
.0104 
.0066 
.0032 

.0258 
.0274 
.0293 
.0309 


.0321 

.0104 
.0104 

.0035 
.0067 
.0138 
.0202 
.0262 
.0323 
.0268 
.0210 
.0148 
.0076 
.0040 

.0342 
.0360 
.0377 
.0394 
.0413 

.0119 
.0118 

.0430 
.0448 
.0470 
.0486 
.0507 

.0132 
.0131 

.0523 
.0547 
.0569 
.0589 
.0619 

.0157 
.0155 

.0063 
.0115 
.0186 
.0253 
.0316 
.0379 
.0440 


Set. 


Inch. 
.0017 
.0019 
.0019 
.0022 
.0022 

.0021 
.0021 


.0021 

.0025 
.0026 
.0028 
.0030 


.0026 


.0026 
.0026 


.0030 

.0032 
.0033 
.0036 
.0030 
.0041 

.0040 
.0040 

.0042 
.0045 
.0048 
.0050 
.0053 

.oa-ii 

.0050 

.0054 
.0060 
.0061 
.0066 
.0078 

.0076 
.0075 


Remarks. 


£    (1,000-1,500) -3,080,000  pounds  per  square 
inch. 


Rested  under  initial  load  1  hour. 
E    (1,500-2,000) -3,247,000  pounds  per  square 
inch. 


£   (2,000-2,500) -3,247,000  pounds  per  square 
inch. 


£    (2,500-3,000) -3,049,000  pounds  per  square 
inch. 


E    (3,000-3,500) -2,874.000  pounds  per  square 
inch. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Totel. 

Per  spuare 
inch. 

Compres- 
.  aion. 

Set. 

Pounds. 

Pounds. 

2,800 

3,200 

2,800 

2,400 

2,000 

1,600 

1,200 

800 

400 

200 



Inch. 
.0504 
.0670 
.0514 
.0455 
.0398 
.0339 
.0275 
.0210 
.0130 
.0091 

Inch. 

• 
Set  after  20  minutes'  rest. 

Rested  under  about  150  pounds 
10  hours. 

Ultimate  strength. 

.0078 
.0060 

200 

400 

800 

1,200 

1,600 

2,000 

1,600 

1,200 

800 

400 

200 

200 

400 

600 

800 

1,000 

800 

600 

400 

200 

.0072 
*     .0106 
.0179 
.0246 
.0309 
.0373 
.0316 
.0357 
.0192 
.0118 
.0080 
.0079 
.0113 
.0150 
.0186 
.0220 
.0189 
.0153 
.0117 
.0080 

.0068 

.0068 

1 

per  square  inch 

100 
200 
400 
600 
800 
1,000 
800 
600 
400 
200 

3,600 
3,700 
3,800 
3,900 
4.320 

.0062 

.0073 
.0104 
.0144 
.0179 
.0212 
.0182 
.0148 
.0111 
.0078 

.0630 
.0656 
.0675 

.0067 

.0079 
.0063 
.0086 

305,820 
314,315 
322,810 
331,305 
367,000 

At  3,900  pounds  per  square  inch  compression  an  oblique  crack 
opened,  2  feet  long,  at  the  upper  end  of  the  column.  Continuing  the 
loads,  no  further  development  of  cracks  occurred  until  the  maximum 
stress  was  reached,  when  there  was  sudden  rupture  of  about  3  feet  of 
the  length  of  the  column,  at  the  upper  end.  Oblique  cracks  were 
opened,  detaching  wedge-shaped  pieces.  A  transverse  crack,  nearly 
normal  to  the  axis,  separated  the  column  at  a  place  10  inches  from  the 
middle  of  its  height. 
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CONCRETE  AND  MORTAR  OOLUMNS. 


No.  1735. 
1 : 1  Mortar. 

Reenforced  with  25  hoops,  V.SO  wide  by  ''.12  thick,  and  four  1"  X 1' 
by  96^^.04  steel  angle  bars.     Hoops  spaced  V  apart,  center  to  center. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  1. 
per  cent  of  cement,  by  weight. 


Water,  37.8 


A^e,  set  in  air,  6  months  12  days. 


^ight  of  column,  total,  678  pounds. 
Weight  of  concrete,  606  pounds  =  132.6  pounds  per  cubic  foot. 
Weight  of  cage,  complete^  72  pounds. 
Height  of  column,  96.04  mches. 
Diameter  of  column,  10.40  inches. 
Sectional  area,  gross,  84.95  square  inches. 
Sectional  area  of  angle  bars,  0.91  square  inch. 
Gauged  length,  50''. 

The  temperature  of  the  column  was  about  120°  Fahr.  when  the 
mold  was  removed,  18  hours  after  gauging. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Tota. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds, 

Pounds. 

Inch. 

Inch, 

8,496 

100 

a 

a 

Initial  load.  Loaded  with  8,500  pounds  l)efore 
testing. 

12,743 

150 

.0010 

.0003 

16,090 

200 

.0021 

.0005 

21,238 

250 

.0033 

.0006 

25,485 

300 

.0045 

.0006 

29,733 

350 

.0056 

.0009 

33,980 

400 

.0067 

.0009 

38,228 

450 

.0077 

.0010 

42,475 

500 

.0087 

.0011 

46,723 

650 

.0097 

.0011 

Rested  under  Initial  load  \  hour. 

50,970 

60(V 

.0104 

.0009 

£  (100-600) » 2,632,000  pounds  per  square  inch. 

600 
650 

.0105 
.0116 

.0009 
.0009 

65,218 

59,465 

700 

.0125 

.0010 

63,713 

750 

.0134 

.0010 

67,960 

800 

.0144 

.0011 

72,208 

850 

.0152 

.0011 

76,455 

900 

.0160 

.0012 

80,703 

950 

.0170 

.0013 

84,950 

1,000 

.0179 

.0014 

E  (600-1,000)  -2,857,000  pounds  per  square  inch. 

600 
600 

1,100 

.0116 
.0116 

.0196 

.OOU 
.0012 

.0014 

93,445 

101,940 

1.200 

.0211 

.0014 

110,435 

1.300 

.0229 

.0015 

118,930 

1,400 

.0246 

.0016 

127,425 

1,600 

.0261 

.0016 

E  (1,00(V-1,500) -3,125,000  pounds  per  square 
inciL 

Digitized  by  VjOOQ IC 


Applied  loads. 


Total. 


Pounds. 


135,020 
144, 415 
152,910 
161,405 
169,000 


178,395 
186,800 
195,385 
203,880 
212,375 


220,870 
229,365 
237.860 
246,355 
254,850 


263,375 
271,840 
280,335 
288.830 
297,325 


305,820 
314,315 
322,810 
331,305 
339,800 


348,295 
a.'>6.790 
3<Vi.  285 
373.780 
382,275 


390,770 
399,265 
407,760 
416,255 
424,750 


Per  square 
incn. 


Pounds. 
600 
600 

1,600 
1,700 
1,800 
1,900 
2,000 

600 
.  600 

2,100 
2,200 
2,300 
2,400 
2,500 


600 
600 

2,600 
2,700 
2,800 
2,900 
3,000 


600 
600 

3,100 
3,200 
3,300 
3,400 
3,500 

600 
600 

3,600 
3,700 
3,800 
3,900 
4,000 


600 
600 

4,100 
4,200 
4.300 
4,400 
4,500 

600 
600 

4,600 
4,700 
4,800 
4,900 
5,000 


600 
600 


In  gauged  length. 


Compres- 
sion. 


Inch. 
.0121 
.0121 

.0278 
.0293 
.0310 
.0327 
.0342 

.0130 
.0130 

.0358 
.0377 
.0392 
.0408 
.0424 


.0140 
.0139 

.0437 
.0456 
.0475 
.0491 
.0509 


.0152 
.0151 

.0528 
.0546 
.0565 
.0581 
.0600 

.0170 
.0167 

.0610 
.0630 
.0654 
.0677 
.0605 


.0101 
.0190 

.0715 
.0737 
.0760 
.0785 
.0810 

.0221 
.0221 

.0834 
.0865 
.0890 
.0915 
.0491 


.0271 
.0270 


Set. 


Inch. 
.0017 
.0016 

.0018 
.0019 
.0022 
.0021 
.0025 

.0022 
.0023 

.0023 
.0023 
.0028 
.0032 
.0029 


.0020 
.0030 

.0030 
.0034 
.0037 
.0040 
.0043 


.0040 
.0040 

.0044 
.0040 
.0051 
.0053 
.0057 

.0056 
.0056 

.0060 
.0068 
.0070 
.0070 
.0080 


.0060 
.0060 

.0080 
.0097 
.0101 
.0111 
.0121 

.0118 
.0116 

.0128 
.0141 
.0156 
.0165 
.0175 


.  0171 
.0170 


Remarks. 


E(  1,500-2,000) -3,472,000    pounds    per    square 
inch. 


E  (2,000-2,500) -3,676,000   pounds    per     square 
inch. 


E  (2,500-3,000) -3,086,000    pounds    per    square 
inch. 


E  (3,000-3,500)— 3^7,000    pounds    per    square 
inch. 


E  (3,500-4,000) -3,472,000    pounds    per    square 
inch. 


E  (4,000-4,500)  -3,378,000  pounds  per  square  inch. 


E  (4,500-5,000) -3,247 ,000    pounds    per    square 
inch. 


Remained  under  a  load  of  150  pounds  per  square 
inch  40  hours. 


478 


CONCRETE    AND   MORTAR   COLUMNS. 

No.  1735— Continued. 


Applied  loads. 

In  gauged  length. 

! 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Remarks. 

Pound*. 

Pounds. 

100 

5,100 

•    5,200 
5,300 
5,400 
5,500 

600 
600 

5,600 
5,700 

600 
600 

200 

400 

600 

800 

1,000 

800 

600 

400 

200 

200 

400 

800 

1,200 

1,600 

2,000 

2,000 

1,600 

1,200 

800 

400 

200 

5,980 

Inch. 

Inch. 
.0154 
.0180 
.0190 
.0218 
.0230 
.0296 

.0286 
.0286 

.0312 
.0344 

.0334 
.0334 

inch. 
Ultimate  strength. 

433,245 
441,740 
450,235 
458,730 
467,225 

.0950 
.0977 
.1024 
.1122 
.1169 

.0380 
.0379 

.1215 
.1272 

.0427 
.0426 

.0350 
.0886 
.0423 
.0450 
.0494 
.0464 
.0430 
.0393 
.0353 
.0347 
.0883 
.0454 
.0525 
.0595 
.0661 
.0650 
.0605 
.0554 
.0475 
.0396 
.0356 

475,720 
484,215 

.0333 

*" 

.0333 

.0334 

508,000 

Column  failed  at  upper  end.  The  mortar  was  broken  up  over  a 
length  of  column  of  20  inches.  Angles  buckled  between  hoops 
after  reaching  the  maximum  load,  and  while  the  total  stress  was 
gradually  falling. 

When  the  resistance  had  dropped  to  350,000  pounds,  rupture  of 
the  third  hoop  took  place  across  the  rivet  hole.  Accompanying 
the  rupture  of  this  hoop  was  a  further  sudden  loss  in  resistance  of 
the  column. 


Digitized  by  VjOOQ IC 


iveenrorcea  wiin  zo  noops,  eacn  i  .^u  wiae  oy  .iz  tnicK,  ana  rour 
V  X  l'^  by  96'^.  10  steel  angle  bars.  Hoops  spaced  V  apart,  center  to 
center. 


Composition,   by  volume:  Alpha  cement,    1;  sand,    1;  trap  rock 
ii^  to  li''),  2.     Water,  38.8  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  months. 
Weight  of  column,  total,  761  pounds. 

Weight  of  concrete,  689  pounds  =149.1  pounds  per  cubic  foot. 
Weight  of  cage,  complete,  72  pounds. 
Height  of  column,  96.10  inches. 
Diameter  of  column,  10.45  inches. 
Sectional  area,  gross,  85.77  square  inches. 
Sectional  area  of  angle  bars,  0.91  square  inch. 
Gauged  length,  50''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

8,577 

100 

0. 

0. 

Initial  load.    Loaded  with  6,000  pounds  before 
testing. 

12,866 

150 

.0007 

0. 

17,154 

200 

.0013 

.0001 

21,443 

250 

.0019 

.0002 

25,731 

300 

.0025 

.ooa*) 

30,020 

350 

.0033 

.0007 

34,308 

400 

.0040 

.0007 

38,. W 

450 

.0047 

.0007 

42,885 

500 

.0054 

.0008 

47,174 

5.50 

.00(« 

.0008 

51,462 

600 

.0069 

.0009 

E  (100-600) =4,167,000  pounds  per  square  inch. 

600 

.0060 

.0010 

55,751 

6.S0 

.0075 

.0010 

tio,o;» 

700 

.0083 

.0010 

64,328 

750 

.0090 

.0010 

68,616 

800 

.0098 

.0011 

72,905 

850 

.0106 

.0013 

77, 193 

900 

.0116 

.0016 

81,482 

950 

.0123 

.0018 

85,770 

1,000 

.0130 

.0018 

E  (600-1 ,000) -3,846,000    pounds   per     square 
inch. 

600 

.0081 

.0018 

600 

.0081 

.0018 

94,347 

1,100 

.0144 

.0019 

102,924 

1,200 

.0160 

.0020 

111,501 

1,300 

.0173 

.0021 

120,078 

1,400 

.0189 

.0023 

128,655 

1,500 

.0205 

.0023 

E(  1.000-1 ,500)  =  3,571 ,000  pounds   per  square 
inch. 

600 

.0091 

.0023 

600 

.0092 

.0023 
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Applied  loads. 


Total. 


Pounds. 
137,232 
146,800 
154,386 


162,063 
171,540 


180,117 
188,694 
107,271 
205,848 
214,425 


223,002 
231,570 
240,156 
248,733 
257,310 


265,887 
274,464 
283,041 
201,618 
300,105 


308,772 
317,340 
325,026 
334,503 
343,080 


351,657 
360,234 
368,811 


377,388 
385,065 


304,542 
403,110 
411,606 


25,000 


Per  sauare 
inch. 


Pounds. 
1,600 
1,700 
1,800 


1,000 
2,000 

600 
600 

2,100 
2,200 
2,300 
2,400 
2,500 

600 
600 

2,600 
2,700 
2,800 
2,900 
3,000 

600 
600 

3,100 
3,200 
3,300 
3,400 
3,500 

600 
600 

3,600 
3,700 
3,800 
3,900 
4,000 

600 
600 

4,100 
4,200 
4,300 

600 
600 

4,400 
4,500 

600 
600 

4,600 
4,700 
4,800 

600 
600 


In  gauged  length. 


Compres- 
sion. 


100 
600 
600 
600 

200 
300 
400 


Inch. 
.0219 


.0251 


.0261 
.0285 

.0101 
.0101 

;0303 
.0324 
.0349 
.0371 
.0396 

.0133 
.0134 

.0431 
.0452 
.0483 
.0510 
.0544 

.0192 
.0190 

.0574 
.0614 
.0645 
.0680 
.0723 

.0276 
.0270 

.0762 
.0810 
.0649 
.0898 
.0945 

.0396 
.0394 

.0996 
.1068 
.1110 

.0487 
.0486 

.1167 
.1244 

.0580 
.0577 

.1315 
.1388 
.1472 

.0734 
.0731 


.0725 
.0715 
.0718 

.0634 
.0651 
.0673 


Set. 


Inch. 
.0024 
.0025 
.0026 


.0019 
.0024 

.0021 
.0022 

.0028 
.0030 
.0036 
.0039 
.0046 

.0047 
.0046 

.0061 
.0064 
.0073 
.0080 
.0090 

.0090 
.0089 

.0100 
.0114 
.0134 
.0144 
.0163 

.0163 
.0162 

.0184 
.0209 
.0230 
.0256 


.0283 
.0283 

.0318 
.0364 
.0381 

.0377 
.0376 

.0425 
.0473 

.0466 
.0466 

.0516 
.0569 
.0632 

.0622 
.0621 


.0614 
.0615 
.0615 
.0615 


Remarks. 


Rested  under  initial  load  30  minutes.  Set  at 
end  of  rest,  .0014.  Change  in  temperature 
of  room. 


E  (1,500-2,000)— 3,165,000  pounds  per   squaro 
inch. 


£  (2,000-2,500) -2,809,000   pounds    per  square 
inch. 


Snapping  sound. 

E  (2,500-3,000) -2,404,000  pounds   per  square 
inch. 


E  (3,000-3,500)— 2,358,000  pounds   per  square 
inch. 


E  (3,500-4,000) -2,525,000  pounds   per  square 
inch. 


First  crack  observed ,  occurring  between  hoops. 


E  (4,000-4,500) -2,232,000  pounds  per  squaro 
inch. 


(Column  rested  un^er  this  load  40  hours. 


Googk 


Digitized  by 


Remarks. 


Sustained   1,000   pounds  30    minutes, 
presaion  was  then  '.0813. 


Com- 


Sot  after  5  minutes,  ".0654. 


Measurements  of  longitudinal  compression  discontinued. 
H.  Doc.  26,  59-2—31 
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Observations  made  on  lateral  expansion  of  tenth  hoop  from  lower 
end  of  column.  This  hoop,  when  struck  lightly,  sounds  as  though  it 
was  without  tension,  or  slightly  loose,  when  the  initial  load  only  is  on 
the  column. 


Applied  loads.         I 

I    Lateral 

exjMinsion 
Per  square  i    of  hoop. 
Incii. 


Total 


Pounds. 


J 


Remarks. 


'  Pound*.  1 

Inch. 

100 

0. 

1,000 

.0002 

2,000 

.0004 

3,000 

.0007 

4,000  1 

.0011 

100  1 

.0002 

Initial  load. 


Observations  on  ninth  hoop  from  lower  end. 
struck,  '' rings '*  and  appears  to  be  tight  initially. 


Tliis  hoop,  when 


Applied  loads.         i 

_    _  I    Lateral 

I  I  expansion 

'  Per  square ,    of  hoop, 
inch. 


Total. 


Pounds.  Pounds. 

'  100 

I  1.000 

!  2,000 

I  3,000 

I  4,000 

100 


Homarks. 


Inch. 

0. 
.0008 
.0018 
.0024 
.0033 
-.0001 


Initial  load. 


Observations  made  on  seventeenth  hoop  from  lower  end  of  the 
column.  The  concrete  in  the  vicinity  of  this  hoop  developed  cracks 
during  the  preceding  part  of  this  test.  The  hoop  itself  appears  tight 
initially. 


Applied  loads. 


I 


Total. 


Lateral 
expansion 
I  Per  sauare     of  hoop. 
,       incn.       > 


Pounds. 


466,000 


Pounds. 

100 
1,000 
2,000 
3,000 
4,000 

100 
5.433 


Inch. 

0. 
.0016 
.0036 
.0050 
.0071 
.0002- 


Romarks. 


Initial  load. 


Ultimate  strength. 


Failure  occurred  chiefly  at  the  middle  of  its  height.  The  concrete 
disintegrated,  expanded,  and  eventually  burst  one  of  the  hoops,  the 
seventeenth  from  the  lower  end.  At  the  time  of  rupture  of  this  hoop 
the  resistance  of  the  column  had  dropped  to  420,000  pounds. 


Digiti 


ized  by  Google 


Plain  column,  without  reenforcing  metal. 


L_      /Oa38      H 


Composition,  by  volume:  Alpha  cement,  1;  sand,  4.     Water,  72.6 
per  cent  of  cement,  by  weight. 
Age,  set  in  air,  6  months  8  days. 
Weight  of  column,  total,  559  pounds. 

Weight  of  concrete,  559  pounds  =  118.7  pounds  per  cubic  Tool. 
Height  of  column,  96.25  inches. 
Diameter  of  column,  10.38  inches. 
Sectional  area,  84.62  square  inches. 
Gauged  length,  50". 


Applied  loads. 

In  gauge 

d  length. 

Remarks. 

1 

Total-     |''"?,X" 

Compres-  j        q„^ 
sion.       '        ^*^^- 

PouTids.        Pounds. 

Inch.            Inch. 

8, 4»i2 

100 

0.                   0. 

Initial  load.    Loaded  with  9,000  pounds  iH-fore 
testing. 

12.li93 

150 

.0020 

.0002 

10,1^4 

200 

.0041 

.0006 

21.155 

250 

.0064 

.0010 

25. 38<) 

300 

.0078 

.0014 

2f»,r)17 

350 

.0112 

.0021 

33.848 

400 

.0140 

.0027 

38.07'J 

450 

.01(i5 

.0033 

42. 310 

500 

.0193 

.0039 

4(i.  441 

550 

.  0228               .  0048 

50.772 

000 

.  02r,0 

.0057 

E  (100-600)=-1,232,000  pounds  per  square  inch. 

050 

.021)9 
.0300 

.0066 
.0073 

5,5.003 

5*.*.  234 

700 

.ai4i 

.oas7 

(13.  4r.5 

750 

.0379 

.0100 

07.  «;♦»«) 

800 

-.0421 

.0114 

71,927 

S50 

.0474 

.0140 

76.158 

900 
200 

.0535 

.0202 
.0252 
.0300 
.0350 
.a399 
.  0,3(^3 
.0322 
.0275 
.0223 

.0164 

.....v.....'. 

300 
400 
500 
600 
500 
400 
300 
200 

...........'. 

.oios 

80. 3S0     1              950 

.0000 

.0198 

84.r.20               1,000 

.0672 

.0234 

E  (000-1 ,000) =851 ,000  pounds  i>cr  square  Inch. 

<.(K) 

.04W    •          .02,34 
.  0488               .  0234 

■  SS.K51 

1,050 

I'ltinmte  strength. 

After  observing  the  last  permanent  set  the  column  ruptured  upon 
reapplication  of  88,000  pounds  total  load.  Wedge-shaped  fragments 
were  developed  at  the  lower  end  of  the  column,  covering  a  section 
from  10"  to  24''  from  the  end. 


iveeiiiorceu  wiin  zo  noops,  i  .ou  wiae  dv    .iz  iniCK  ana  TOur  i    x  i 
by  96"  steel  angle  bars.     IIoops  spaced  4"  apart,  center  to  center. 


Composition,  by  voluiiu  .•  Alplia  conicnt,  1;  sand,  4.     Water,  63.5 
per  cent  of  cement,  by  wei^rht. 
Age,  set  in  air,  6  months  S  days. 
Weight  of  column,  total,  620  pounds. 

Weight  of  concrete,  54S  pounds  =  119.9  pounds  per  cubic  foot. 
Weight  of  cage,  complete,  72  pounds. 
Height  of  column,  96  inches. 
Diameter  of  column,  10.40  inches. 
Sectional  area,  84.95  square  inches. 
Sectional  area  of  angle  oars,  0.91  square  inch. 
Gauged  length,  50". 


Applied  loads. 

In  gauged  lengrth. 

-■ 

Remarks. 

Total. 

Per  8quaro 
inch. 

Compres-          q^^ 
Bion.              ^** 

Inch.            Inch. 

Pounds. 

P.undjf. 

8,495 

100 

0.                  0. 

1 

Inltialload.    Loaded  with  9,600  pounds  before     ' 
testiiig. 

12,743 

150 

.0027     '          .0003 

16,<«K) 

200 

.OtXiO              .0010 

21,238 

250 

.0091               .0014 

25,485 

300 

.0121               .0022 

29,733 

350 

.0150    1          .0024 

33,9«0 

400 

.0175    .          .0024 

38,228 

450 

.019i»              .0028 

42.476 

500 

.0220               .0028 

46,723 

550 

.0241               .0029 

60,970 

000 

.0263    '         .oo;» 

E  ( 100-600)  - 1,073,000  pounds  per  square  Inch. 

GOO 

.0265 

.0031 

56,218 

6,50 

.0285 

.0034 

59,466 

700 

.a305 

.oa36 

63.713 

750 

.0327 

.0040 

67,9(iO 

800 

.0348 

.0040 

72,208 

850 

.03</J 

.0043 

76,455 

900 

.0390 

.0045 

80,703 

950 

.0409 

.0045 

84,960 

1.000 

.0430 

.0048 

E  (600-1,000)  - 1,342,000  pounds  per  square  Inch. 

600 

.a306 

.0048 

600 

.0304 

.0045 

93,445 

1,100 

.0470 

.0045 

, 

101.940 

1,200 

.  0.525 

.  0(^)3 

Micrometer  reset. 

110,435 

1,300 

.orM 

.0()7r. 

118.930 

1.400 

.  o»i4n 

.0107 

127,426 

1,600 

.0722 

.01(0 

E   (1.000-1.600)- 1,389,000  pounds  per  square 

fflO 

.0417 

.01.59 

■ 

600 

.0414 

.oieo 

• 

t- 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Poundt. 
135,920 
144,415 
152,910 
161,405 
169,900 

Pounds. 
1,600 
i.700 
1,800 
1,900 
2,000 

600 
600 

2,100 
2,200 
2,300 
2,400 
2,600 

600 
600 

2,766 

Inch. 
.0806 
.0910 
.1066 
.1234 
.1440 

.0920 
.0914 

.1638 

.1874 
.2160 
.2400 
.2879 

.2006 
.2003 

Inch. 
.0218 
.0298 
.0405 
.0541 
.0704 

.0704 
.0702 

.0860 
.1067 
.1284 
.1531 
.1878 

.1880 
.1880 

E   (1,600-2,000)-1,437,000  pounds  per  square 

E  (2,000-2,600)  -943,000  pounds  per  square  Inch, 
ntiinnte  strength. 

178,306 
186,890 
195,386 
203.880 
212,375 

235,000 

1          "         " 

Wedge-shaped  fragments  of  mortar  were  detaclied  from  the  surface 
of  the  column,  between  the  hoops.  Cracks  were  generally  developed 
after  the  loads  had  reached  2,500  pounds  per  square  inch,  and  in- 
creased as  the  loads  were  advanced. 


Digitized  by  VjOOQ IC 
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No.  1733. 

1:4:8  Mixture. 

Reenf creed  with  25  hoops,  each  1^^.50  wide  by  'M2  thick,  and  four 
I'^Xl'^  by  96^  steel  angle  bars.  Hoops  spaced  4^  apart,  center  to 
center. 


Composition,  by  volume:  Alpha  cement,   1;  sand,  4';  trap 
(i^  to  li"),  8.     Water,  113.4  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  6  months  11  days. 
Weight  of  column,  total,  742  pounds. 

Weight  of  concrete,  670  pounds  =  146.6  pounds  per  cubic  foot. 
Weight  of  cage,  complete,  72  pounds. 
Heigiit  of  column,  96  inches. 
Diameter  of  column,  10.40  inches. 
Sectional  area,  gross,  84.95  square  inches. 
Sectional  area  of  angle  bars,  0.91  square  inch. 
Gauged  length,  50'^. 


rock 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Por  squaro 
inch. 

Pounds. 

Compres- 
sion. 

Set. 

1 

Pounds. 

Inch. 

Inch. 

8,495 

100 

0. 

0. 

Initial  load.    Loaded  with  9,500  pounds  before 
testing. 

12.74:} 

150 

.0023 

.0005 

10,990 

200 

.0050 

.0015 

21,238 

250 

.0070 

.0(^23 

25, 4S3 

300 

.0101 

.0029 

29,733 

3.50 

.0128 

.0037 

33,9S0 

400 

.0150 

.0042 

38,228 

450 

.0175 

.0048 

42. 175 

500 

.0200 

.0056 

40,723 

550 

.0220 

.0000 

50,970 

000 

.0250 

.0004 

E  (100-600)  =  l,344,000pound8  per  square  inch. 

000 

.0255 

.001)8 

55,218 

650 

.0281 

.0072 

59,4(55 

700 

.0310 

.0078 

fi3.7I3 

750 

.0332 

.0082 

C7,9(i0 

.^X) 

.a303 

.oa87 

-  72,2aS 

KiO 

.a-^K) 

.0081 

70. 455 

iHX) 

,0423 

.0098 

80,703 

950 

.04()3 

.0105 

84,950 

1,000 

.0493 

.0113 

E  (000-1 ,000)  =  1 ,000,000  pound >  i»cr  square  Inch . 

GOO 

.a385 

.0112 

000 
l.IOO 

.0385 
.0550 

.0113 
.0125 

93, 445 

101,940 

l.'JOO 

.  (X'wSl 

.0151 

110,435 

!.;«)() 

.0718 

.0188 

118,930 

1.400 

.aS30 

.0255 

Digitized  by  VjOOQ IC 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 



Inch. 
.O-.^oS 

.0078 
.0(373 

.0434 
.0512 
.0577 
.0«2i» 
.  0070 
.Oe»42 
.0000 
.a>40 
.  0452 
.04.'« 
.  0579 
.0070 
.0749 
.0817 
.0770 
.0710 
.0(n7 
.0450 

Set. 

Pounds. 
127, 425 

Pounds. 
1.500 

()00 
«00 

100 
300 
400 
500 
(«0 
500 
^00 
-.00 
UK) 
.00 
•0() 
l-Ol) 
HK) 
1,0(K) 
bOO 
iW 
400 
200 
212 
100 
000 
(XX) 
1,(jOO 
1,7(K) 
1,800 

(iOO 
(500 

1,900 
2,000 

(-00 

2.100 
2,200 

noo 
coo 

2,:m 

2,  sOO 
2,500 

GOO 
(100 

100 
LOO 
300 
400 

nyo 

000 
500 
400 
:i00 
200 

•:o() 

•00 

im 

.■00 
l.OOO 
800 
(/K) 
400 
200 
200 
400 
800 
1,200 

Inch. 
.0350 

.0352 
.0352 

E  (1,000-1,500; -1,00(3,000  pouiicis  jht    square 
inch. 

Rested  10  hoars. 

Fine  longitudinal  crack  in  upp<'r  half  of  column 
K  (1,500-2,000)  =-  2,L^.*4.00O  pounds  per  square 
!nch. 

E  (2.00O-2,.tO0)  «  1,894,000  |)ounds  per  square 
inch. 

.0351 

.'. . 

.0353 



18.000 

.0345 
.0348 
.0350 
.0452 
.0590 
.0775 

.0774 
.0774 

.0958 
.1123 

.1124 
.1124 

.1298 
.1529 

.1528 
.1528 

.1724 

.1928 
.215(. 

.2100 
.21(53 

.2157 

.6*'^i8 
.  0ri08 
.1084 
.  1245 
.1435 

.1055 
.1051 

.1032 
.  1S40 

.138*3 

.  i:m 

.2030 
.2286 

.1774 
.1774 

.2525 
.2745 
.3005 

.2:193 
.2392 

135,920 
144,415 
152,910 

1(51,405 
109,900 

178.395 
180,890 

195,385 
203.880 
212,375 



Srt  after  10  minutes. 

.2200 
.  2250 
.  22«n> 
.2350 
.  23»J5 
.  2;^.7 

.  2:^:« 

.2287 
.2230 
2215 

.2:uo 

.2398 
.2483 
.2564 
.2515 
.2448 
.2301 
.2248 
.2228 
.2325 
.2500 
.2652 

.2174 

.2185 

^ 



gitizedbyVjOOQlC 

Applied  loads. 

In  gauged  length. 

Remarks. 

ToUl. 

Per  square 
inch. 

Compres- 
Bion. 

Set. 

Pounds. 

Pounds. 
1,G00 
2,000 
1,600 
1,200 

Inch. 
.2791 
.2927 
.2855 

Inch. 

Ultimate  rtrength. 

.2758 

800 
400 
200 

.2(530 
.2437 
.2303 

.2228 

255,000 

3.002 

Height  of  column  at  time  of  reaching  maximum  load,  94''.85. 
Cracks  developed  generally  throughout  the  length  of  the  column  as 
the  loads  advanced  from  2,000  to  3,002  pounds  per  square  inch.  The 
cracks  opened  in  the  concrete  between  the  hoops,  both  longitudinal 
and  circular  in  direction.  The  column  deflected  laterally  I}''  at  the 
middle  of  its  height.  The  load  gradually  dropped  to  240,000  pounds, 
when  one  hoop  near  middle  of  height  fractured  across  the  first  rivet 
hole.  The  resistance  of  the  column  then  suddenly  dropped  to  about 
210,000  pounds.     The  test  was  then  discontinued,. 


Plain  column,  without  reenforcing  metal. 


L    ■  \ 


Composition,   by  volume:  Alpha  cement,   1;  sand,   2;  trap  rock 
(\''  to  li''),  4.     Water,  56.7  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  months  16  days. 
Weight  of  column,  total,  711  pounds. 

Weight  of  concrete,  711  pounds  =  150  pounds  per  cubic  foot. 
Height  of  column,  96.30  inches. 
Diameter  of  column,  10.40  inches. 
Sectional  area,  84.95  square  inches. 
Garged  length,  50". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Powids. 

Pounds. 

Inch. 

Inch. 

8,495 

100 

0. 

0. 

I  nitial  load.    Loaded  with  4,000  pounds  before 
testing. 

12,743 

150 

.0007 

0. 

16,990 

200 

.0014 

.0002 

21,238 

250 

.0022 

.0002 

26,485 

300 

.0029 

.0005 

29,733 

350 

.0038 

.0007 

33,980 

400 

.0048 

.0008 

38,228 

4.'i0 

.0057 

.0010 

42,475 

500 

.0066 

.0011 

46,723 

550 

.0077 

.0013 

60,970 

600 

.0086 

.0016 

E  (100-600) =3,821 ,000  pounds  per  square  inch. 

600 
650 

.0091 
.0100 

.0018 
.0019 

65,218 

69,465 

700 

.0111 

.0022 

63,713 

750 

.0120 

.0023 

67,960 

800 

.0132 

.0026 

72,208 

8,% 

.0142 

.0030 

76,465 

\m 

.0166 

.0033 

80,703 

950 

.0165 

.0036 

84,950 

1,000 

.0177 

.0038 

E  (600-1,000) =2,941,000  pounds  per  square  inch. 

600 

.0118 

.0039 

600 

.0118 

.0039 

93,446 

1,100 

.0202 

.0046 

101,940 

1,200 

.0229 

.0063 

110,436 

1,300 

.0260 

.0065 

118,930 

1,400 

.0292 

.007f. 

120,000 

1,413 



Ultimate  strength. 

Opened  oblique  and  longitudinal  cracks  in  lower  2  feet  of  the  column. 


Keenforced  with  13  hoops,  each  r 
spaced  8"  apart,  center  to  center. 


.50  wide  by  ".12  thick.     Hoops 


Composition,  bv  vohime:  Alpha  cement,  1;  sand,  2;   trap 
(i''  to  li''),  4.     Water,  62.4  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  6  months  6  days. 
Weight  of  column,  total,  720  pounds. 

Weight  of  concrete,  695.5  pounds  =  149.2  pounds  per  cubic  foot. 
Weight  of  hoops,  24.5  pounds. 
Height  of  column,  96.25  inches. 
Diameter  of  column,  10.38  inches. 
Sectional  area,  gross,  84.62  square  inches. 
Gauged  length,  50". 


rock 


Applied  loads. 

111  gauged  length. 

Remarks. 

Total. 

Per  squaiv 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

8,m 

100 

0. 

0. 

Initial  load.    Loaded  with  7,000  pounds  l>efore 
testing. 

12,693 

150 

.0006 

0. 

16,924 

200 

0016 

.0002 

21,155 

250 

.0026 

.0003 

25,386 

300 

.0037 

.0005 

29,617 

350 

.0048 

.0000 

33,848 

400 

.0062 

.0009 

38,079 

450 

.0074 

.0013 

42,310 

500 

.0088 

.0016 

46,541 

odO 

.0101 

.0019 

50,772 

GOO 

.0118 

.0027 

E  (100-600) -2,747.000  pounds  per  square  Inch.      ; 

600 

.0120 

.0029 

Rested  under  Initial  load  14  hours;  micrometer 
reading  now  ".0040. 



eoo 

650 

.0129 
.0138 

.0040 
.0040 

"  "65,003'" 

1 

69,234 

700 

.0149 

.0041 

63,465 

750 

.0166 

.0048 

67,690 

800 

.0186 

.0001 

71,927 

850 

.0209 

.0008 

76,158 

900 

.0234 

.0078 

80,380 

950 

.0261 

.0090 

84,020 

1,000 

.0284 

.0102 

E  (fiOO-l ,000) -> 2,198,000  pounds  per  square  Inch. 

eoo 

600 
1,100 

.0210 
.0208 

.0.342 

.0104 
.0102 

.0135 

i 

.'.'.'.'.'....'... 

I 

93,082 

101,544 

1,200 

.0409 

.0178 

110,006 

1,300 

.0497 

.0226 

118,468 

1,400 

.0585 

.0297 

126,930 

1,500 

.0684 

.0346 

E  (1 .000-1 ,500) « 1 ,003.000  pounds  per  square  Inch. 

Appliei 

1  loads. 

Per  squaro 
incn. 

Pounds. 
600 
600 

1,600 
1,700 

1,800 
1,900 
2,000 

COO 
(JOO 

2,232 

In  grtilgp 

Compres- 
sion. 

d  length. 

Remarks. 

Total. 

Set. 

Pounds. 

Inch. 
.0490 
.0490 

.0815 
.0970 

.1131 
.1292 
.1515 

.1120 
.1113 

Inch. 
.0;i47 
.0347 

.0437 
.0539 

.0643 
.0750 
.0914 

.0911 
.0910 

Cracks  opened  about  3  feet  from  lower  end  of 
column. 

E  (1,500-2,000) =951 ,000  pounds  per  squaro  Inch. 
Ultimate  strength. 

135.:«)2 
143,854 

l.'i2,:Jli) 
l(i(),r78 
1(>J,240 

188,900 

Tlie  column  was  shortened  in  length  J"  at  the  time  of  reaching  the 
maximum  load.  There  was  a  gradual  loss  in  resistance,  and  the  test 
was  discontinued  when  the  resistance  had  fallen  to  160,000  pounds. 
Failure  was  local  in  two  sections  between  hoops  located  24'',  32'', 
and  40",  res])ectivoly,  from  the  lower  end  of  the  column. 


Keeniorced  witn  Zb  noops^  eacn  i   .ou  wiae  oy 
spaced  4''  apart,  center  to  center. 


.iz  tnicK.     jiLoops 


Composition,  by  volume:  Alpha  cement,  1;  sand,  2;  trap  rock  (J" 
to  li"),  4.     Water,  62.4  per  cent  of  cement,  by  weight. 
Ase,  set  in  air,  6  months  5  days. 
Weight  of  column,  total,  732  pounds. 

Weight  of  concrete,  685  pounds  =  148.6  pounds  per  cubic  foot. 
Weight  of  hoops,  47  pounds. 
Height  of  column,  96.10  inches. 
Diameter  of  column,  10.38  inches. 
Sectional  area,  gross,  84.62  square  inches. 
Gauged  length,  50''. 


Applie( 

1  loads. 

Ingau£;e 

d  length. 

Remarks. 

Total. 
Pounds. 

Per  square 
Inch. 

Pounda. 

Compres- 
sion. 

Inch. 

Set. 

Inch. 

8,462 

100 

0. 

0. 

Initial  load.    Loaded  with  8,000  pounds  before 
testing. 

12,693 

150 

.0010 

.0002 

16,024 

200 

.0018 

.0004 

21.155 

250 

.0029 

.0007 

25,386 

300 

.0040 

.0009 

29.617 

350 

.00.')2 

.0012 

33,848 

400 

.oaw 

.0016 

38.079 

«0 

.0078 

.0020 

42.310 

500 

.0090 

.0029 

46,541 

550 

.0104 

.oo;« 

50,772 

600 

.0118 

.0031 

K  (100-600)=2,874,000  pounds  per  square  Inch. 

600 
650 

.0121 
.0134 

.oa34 

.0038 

55,003 

60,234 

700 

.0147 

.0042 

63,465 

750 

.0104 

.0048 

67,696 

800 

.0180 

.0054 

71,927 

850 

.0194 

.OOGO 

76,158 

900 

.0214 

.00(« 

80,389 

950 

.0233 

.0078 

84.620 

1,000 

.0252 

.0086 

]•:  (fiOO- 1,000)  =2,532,000  pounds  per  square  Inch. 

600 

.0185 

.0087 

600 
1,100 

.0185 
.0290 

.0086 
.0102 

03,082 

101,544 

1,200 

.o:«4 

.0140 

110,000 

1,300 

.03W> 

.0160 

1 

118,468 

1,400 

.04<i0 

.0197 

126,930 

1,500 

.0529 

.0235 

E   (1.000-1,.')00)-1.953,000  pounds  per  square 

inch. 

600 
600 

.oa-w 
.a'i58 

.0234 
.0235 

Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
135,392 
143,854 
152, 316 
160,778 
160,240 

Pounds. 
1,600 
1,700 
1,800 
1,900 
2,000 

600 
600 

2,100 
2,200 

2,300 
2,400 
2,500 

600 
600 

2,600 
2,700 
2,800 

600 
600 

3,428 

Inch. 
.0608 
.0600 
.0783 
.0875 
.0970 

.0658 
.0656 

.1060 
.1180 

.1288 
.1450 
.1538 

.1066 
.1060 

.1672 
.1815 
.1940 

.1356 
.1349 

Inch. 
.0280 
.0330 
.0380 
.0444 
.0501 

.0500 
.0500 

.0554 
.0642 

.0705 

.0828 
.0881 

.0879 
.0876 

.0966 
.1088 
.1160 

.1155 
.1150 

E    (1,500-2,000) -1,429,000  pounds  per  square 

Crack  opened  in  concrete  25"  from  lower  end  of 
column. 

E    (2,000-2,500)- 1,330,000  pounds  per  square 
inch. 

Ultimate  strength. 

177,702 
186, 164 

194,626 
2a'i.0S8 
211,550 

220,012 
228,474 
236,936 

290,100 

Column  failed  2  feet  from  the  upper  end.  The  load  fell  from  the 
maximum  to  about  288,000  pounds,  when  the  seventh  hoop  frac- 
tm*ed  across  the  first  rivet  hole.  The  total  height  of  the  column 
was  95''. 4,  measured  immediately  after  the  fracture  of  the  hoop. 
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CONOBETE  AND  MORTAR  COLUMNS. 


No.  1739. 
1:2:  4  Mixture. 

Reonforced  with  47  hoops,  each  T'.SO  wide  by  ".12  thick.     Hoops 
spaced  2'^  apart,  center  to  center. 


Composition,  by  volume:  ^Upha  cement,  1;  sand,  2;  trap  rock  (J'' 
to  li"),  4.     Water,  62.4  per  cent  of  cement,  b\^  weight. 

Age,  set  in  air,  6  months  6  days. 

Weight  of  column,  total,  761  pounds. 

Weight  of  concrete,  672.5  pounds  =  149.4  pounds  per  cubic  foot. 

Weight  of  hoops,  88.5  pounds. 

Height  of  column,  96.15  inches. 

Diameter  of  column,  10.35  inches. 

Sectional  area,  gross,  84.13  sguare  inches. 

Gauged  length  of  50"  established  on  hoops.  The  majority  of  the 
hoops  were  loose  over  the  concrete,  some  slightly  and  some  decidedly 
so,  at  the  commencement  of  the  test. 


Applle< 

1  loads. 

In  gauge 

d  length. 

Remarks.                                    \ 

Total. 
Pounds. 

Per  squaro 
Indi. 

PouruU. 

Compres- 
sion. 

Set. 

Inch. 

Inch. 

: 

8,413 

100 

0. 

0. 

Initial  load.    I^iadcd  with  0,000  pounds  U'fon*    | 
testing. 

12,620 

IdO 

.0007 

(I 

' 

16,826 

200 

.0015 

.0002 

21.033 

250 

.0021 

.(Mm 

2.5,239 

300 

.0020 

.0003 

' 

29, 446 

aw 

.OOIW 

.0003 

1 

33,652 

400 

.0047 

.  0(X)r) 

37.859 

450 

.oo.'.ri 

.0(X)t) 

1 

42,065 

500 

.0(Xi7 

.0009 

46.272 

550 

.0(^7 

.f/011 

50,478 

600 

.  OOS-J 

.0013 

E  (100-«)00)«  3,289,000  pounds  iK»r  squam  inch. 

600 
650 

.0089 
.0098 

.0014 
.0015 

54.685 

1 

58,891 

700    ' 

.0109 

.0017 

63,098 

750    , 

.0120 

.0020 

, 

67.304 

800    ; 

.oi:« 

.0023 

71,511 

850 

.0140 

.0028 

' 

75.717 

900 

.  oi.v-. 

.0031 

I 

79,924 

950 

.0170 

.0O.^'> 

84,130 

1,000 

.oiH:i 

.0040 

E  (tiOO-1.000)  --2,9>t'>.000  pounds  \)0T  squan*  inch. 

600 
600    < 

.  0123 
.0124 

.oo:« 
.0040 

Digitized  by  VjOOQ IC 
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Applied  loads. 

Total.     ''"r^X""-" 

In  gaugLvl  length. 

Compres-          «„«. 
sion.       1       •^^• 

1 

Ronmrkb. 

Pounds. 
92,543 
100,950 
109,3(39 
117,782 

126,195 

Pounds. 
1,100 
1,200 
1,300 
1,400 

1,500 

GOO 
600 

1,600 
1,700 
1,800 
1,900 
2,000 

600 
600 

2,100 
2,200 
2,300 
2,400 
2,500 

(300 
600 

2,f«) 
2,700 
2,800 
2.900 
3,000 

600 
(300 

3,100 
3,200 

600 
600 

200 
400 
000 
800 

1,000 
800 
(300 
400 
200 

4.000 

100 

(300 
(300 
200 
400 
600 
800 
1,000 

Inch. 
.0215 
.024.5 
.0280 
.0331 

.0373 

.022;^ 
.0223 

.0-128 
.0470 
.0ry62 
.0600 
.0032 

.0397 
.0397 

.0729 
.0798 
.08H0 
.0955 

.laio 

.Of>.57 
.0648 

.1125 
.  1218 
.1294 

.i.m 

.1473 

.09;«) 

.0938 

.  1.588 
.1719 

.1117 
.1111 

.0970 
.1033 
.1100 
.IKX) 
.1220 
.1187 
.1145 
.1082 
.0998 

Inch. 

.oaw 

.0003 
.0DS2 
.0103 

.0108 

.0128 
.0128 

.0155 
.0179 
.0210 
.0253 
.0283 

.0283 
.0282 

.0327 
.03(i5 
.0413 
.0402 
.0526 

.0524 
.0519 

.0571 
.0626 
.0681 
.0748 
.0794 

.0787 

.0788 

.0875 
.09(%) 

.0960 
.0958 

Komatncd  17  hours  under  l(>,(i00  iwunds  tt)lal 
load.  I'ennanent  set  under  initial  loud  at 
end  ol  this  period.  ".0100. 

E  (1,000-1 ,500) -2,451 ,000  pounds  per  Hquaiv 
inch. 

Sharp,  snapping  sounds. 

Sounding  the  hoops  with  .i  tiaininer  blow  shows 

dilfcrent  tensions  with  column  under  2,000    i 

pounds  per  square  imh. 
E    (l,50O-2,000)»2,404,000  pounds  per  square 

1 
E   (2,000-2,500)= 1,429,000  pounds  per  square    ' 
Inch. 

E    (2,500-3,000)- 1,613,000  pounds  per  square 
inch. 

Set  alter  5  minutes,  ".0948. 

Micrometer  removed. 

Load  applied  and  relca.sod  to  100  pounds  per 

square  inch.    The  total  height  of  the  col-    ; 

umn  under  100  pounds  [)er  square  inch  \a  now 

95'.90.    Concrete  generally  cracked  nt  edges  of 

hoops. 

Micrometer  replaced  on  original  gauged  length 

134,608 
143,021 
151,434 
159,847 
168,260 

176,673 
185.086 
193, 499 
201,912 
210,325 

218,738 
227,151 
235,5tVl 
243,977 
252,390 

260,803 
260,216 

.0955 

336,520 

0. 

.0178 
.0173 
.0039 
.Oia5 
.0108 

.a2.'» 

.0295 

0. 

.0004 
.0009 

and  reset  at  zero. 

Digitized  by  VjOOQ IC 


iippuwi  itma*. 

In  gtt'Ueoa  k«t>gtli. 

Bi^atIu. 

rnuh 

1 W  auiiuni 

•loft.              ***" 

FirtfUdi* 

aoo 
«o 

.OQH 

.out 

.0175 
.CUTS 

.one 

/nol. 

..,K,.,. — 

!OQ10 

.0019                                                                                             1 

.OOlfi 

* 

t«»i€0O 

5,m 

I 

Column  finally  failed  by  triple  flexun*,  yioldin^  upward  at  mid- 
dle of  li'iigth.  The  load  stis^tained  ^'adualJy  fell  to  31H),0(>0  pounds 
as  the  distortion  inereii^t^d,  at  which  time  two  hou|>£i  near  the  middle 
of  the  len^lli  of  the  culumn  fi'actured  aen>s8  the  line  of  rivet  holes. 
The  t-est  was  then  discontinuLH.1     Reducing  th<*  hmd  to  lOQ  pounds 

Eer  isqnare   inch,    the   deflection   at   middle    was    I ".50.     The   total 
eight  of  the  column  was  now  95'M2,  a  totsJ  shortening  of  1",03, 
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CAMPBFIL  AHT  CO. 
ELIZABETH.  N.  J. 


I'^X  I''  by  QS'^.yO  steel  angle  bars.     Hoops  spaced  S''  apart,  center  to 
center. 


Composition,  bv  volume:  Alpha  cement,   1;   sand,  2;   trap  rock 
(}"  to  li''),  4.     Water,  68  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  6  months  7  days. 
Weight  of  column,  total,  740  pounds. 

Weight  of  concrete,  690  pounds  =150.7  pounds  per  cubic  foot. 
Weight  of  cage,  complete,  50  pounds. 
Height  of  column,  95.70  inches. 
Diameter  of  column,  10.38  inches. 
Sectional  area,  84.62  square  inches. 
Sectional  area  of  angle  bars,  0.91  square  inch. 
Gauged  length,  SO''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 
Pounds. 

Per  sauare 
inch. 

Pounds. 

Compres- 
sion. 

Set. 

Inch. 

Inch. 

8,462 

100 

0. 

0. 

Initial  load.    Loaded  with  8,000  pounds  before 
testing. 

12,603 

150 

.0010 

0. 

16,924 

200 

.0021 

.0002 

21,155 

250 

.0033 

.0004 

25,. -we 

300 

.0045 

.0007 

29.617 

350 

.0057 

.0010 

33,  S48 

400 

.0070 

.0011 

38.079 

450 

.0082 

.0013 

42.310 

.500 

.0093 

.0016 

46,541 

550 

.0103 

.0018 

50,772 

600 

.0113 

.0018 

E  (100-600) =2,632,000  pounds  per  square  Inch. 

600 
&50 

.0113 
.0122 

.0019 
.0018 

5.'>,0a3 

.59. 234 

700 

.0134 

.0020 

6,3.46.5 

750 

.0144 

.0020 

67,696 

800 

.0155 

.0021 

71.927 

850 

.0166 

.0023 

76. 158 

900 

.0179 

.0024 

80.389 

950 

.0190 

.0029 

84.620 

1,000 

.0205 

.0032 

E  (60(V-1 ,000) -2,564,000  pounds  per  square  inch. 

600 
600 

1,100 

.0141 
.0141 

.0231 

.0031 
.0031 

.0038 

93,082 

101.544 

1,200 

.0261 

.0045 

110.00('> 

1,300 

.0291 

.0054 

118. 468 

1,400 

.0326 

.0073 

126,9,30 

1,500 

.0370 

.0085 

E  (1,000-1^)  -  2,232,000  pounds  per  square  inch. 

IL  Doc.  26,  59-2 32 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 

Compres- 
sion. 

Set. 

Potindt. 

Pounds, 
600 
600 

1,600 
1,700 
1,800 
1,900 
2,000 

100 

Inch. 
.0221 
.0223 

.0417 
.0409 
.0810 
.0884 
.0946 

0. 

Inch. 
.0067 
.0088 

.0105 
.0106 
.0430 
.0462 
.0508 

0. 

Ck)ntact  point  at  one  end  of  micrometer  broke 

through  wall  of  cavity  in  concrete. 
E  (l,600-2,000)«l,634,D00pound8per8quarBlnch. 

Micrometer  reset  at  zero  on  a  newgaugod  length. 
E    (2,000-2,500)- 1,316,000  pounds  per  square 
Ultimate  strength. 

135,392 
143,854 
152,316 
160,778 
169,240 

600 

.0108            .nnni 

600               .0198    '          .0002 

177,702 
180,164 
194,626 
203,068 
211,550. 

2,100 
2,200 
2,300 
2,400 
2,500 

600 
600 

2,600 
2,700 

3,029 

.0548              .0042 
.0630              .0094 
.0752              .0181 
.0865              .0270 
.1018              .0390 

.0580              .0385 
.0576              .0384 

.1150              .0495 
.1330    1          .0640 

220,012 
228,474 

256,300 

1 

Failure  of  the  column  occurred  about  2  feet  from  the  uj)per  end. 
After  passing  the  ultimate  resistance,  and  while  the  sustaining  power 
was  gradually  diminishing,  the  fourth  hoop  fractured,  accompanied 
by  a  sudden  loss  in  resistance  of  the  concrete.  Circular  cracks 
developed  at  the  hoops  under  the  earUest  loads,  and  increased  in 
prominence  as  the  test  advanced. 


Digiti 
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Keentorcea  witn  zo  cyiinancai  noops  i  .ou  wide  dv  .iz  tnicK  eacn, 
spaced  4^  apart,  center  to  center;  four  steel  angle  bars  (V  Xi"  legs) 
within  the  noops  and  extending  from  end  to  end  of  column;  hoops 
secured  to  angles  by  means  of  wire  staples. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  2;  trap  rock  (!'' 
to  lY')j  4.     Water,  43.8  per  cent  of  cement,  by  weight. 

Surface  not  plastered. 

Age,  set  in  air,  15  days. 

Weight  of  column,  total,  731  pounds. 

Weight  of  concrete,  659  pounds  =144.2  pounds  per  cubic  foot. 

Weight  of  cage,  complete,  72  pounds. 

Height  of  column,  95.95  inches. 

Diameter  of  column,  10.40  inches;  sectional  area,  gross,  84.95 
square  mches. 

Sectional  area  of  angle  bars,  0.91  square  inch. 

Gauged  length,  50''. 


Appliec 

I  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

8,495 

100 

'     0. 

0. 

Initial  load.    Loaded  with  5,000  pounds  before 
testing. 

12.743 

150 

.0010 

.0001 

10,990 

200 

.0015 

.0003 

21,238 

2.50 

.0021 

.0005 

2r>,  485 

300 

.0031 

.0000 

29,  T.-W 

a50 

.0041 

.0007 

3;i,980 

400 

.0054 

.0010 

:W.228 

450 

.(mi 

.0011 

42, 475 

500 

.0074 

.0013 

4<),  723 

5.50 

.008.5 

.0018 

.50,970 

GOO 

.0099 

.0019 

E  (100-000)= 3,125,000  pounds  per  squaro  inch. 

GOO 

.0101 

.0020 

m,  4f)5 

700 

.0125 

.0024 

07,9(10 

800 

.0158 

.00,33 

7r).  4.'i5 

900 

.0200 

.0044 

84,950 

1,000 

.0250 

.0059 

E  (eOO-1,000)-  l,802,()5o  pounds  per  square  inch. 

(00 
GOO 

1,100 

.0178 
.0170 

.0311 

.0a59 
.0059 

.0077 

93, 445 

101.940 

1,200 

.0371 

.0089 

iio.4:rj 

i,:ioo 

.0-140 

.0109 

11S.9:{0 

1,400 

.a5l5 

.0120 

127, 425 

1..500 

.a584 

.0141 

E  (1,000-1,500) =992,000  pounds  por  square  inch. 

Applied  loads. 


In  gauged  length. 


T/^toi         Per  square    Compres-  o«# 

^®"*'  int^.  sion.  ^^^ 


Poundt. 


135,920 
144,415 
152,910 


161.405 
169,900 


Pounds. 
(JOO 
60O 


178, 395 
186,890 


260,400 


1,600 
1,700 
1,800 

600 
600 


200 
300 
400 
500 
GOO 
500 
400 
300 
200 

1,900 
2,000 


2,100 
2,200 


600 
600 


2,300 


600 
600 


200 

:«o 

400 
500 
600 
700 
800 
900 
1,000 
900 
800 
700 
(iOO 
500 
400 
300 
200 

3,065 


Iruh. 
.a'«0 

.0358 

.0679 
.0781 
.0905 

.a%5 

.0564 


.oai 
.o:r)7 

.0455 

.orm 
.  a'y4t5 

.  0.')25 
.0490 
.0440 
.0371 

.1043 
.1270 

.0860 
.0854 

.1485 
.1704 

.1219 
.1215 

.2030 

.1485 
.1484 


.1291 
AX^ 
.1389 
.1444 
.1477 
.  1517 
.1559 
.15<)6 
.1635 
.  1622 
.1603 
.1580 
.  1549 
.1514 
.1471 
.1417 
.1350 


Inch. 
.0139 
.0141 

.0171 
.0222 
.0301 

.0301 

.o:«o 

.0289 


.0299 

.0406 
.0603 

.0604 
.0604 

.0790 
.0984 

.0984 
.0988 

.1260 

.1261 
.1260 
.1258 


Remarks. 


Set  after  rest  of  40  minutes. 


E    (1.500-2,000)- 
inch. 


1,116,000  pounds  per  square 


Set  after  rest  of  10  minutes. 


.1280 


Ultimate  strength. 


Column  failed  by  triple  flexure.  Test  discontinued  when  column 
had  deflected  l^'.S  at  middle  of  its  length.  The  column  was  then 
yielding  slowly  under  a  total  load  of  220,000  pounds.  The  anglo 
oars  buckled  between  hoops  along  middle  of  height  of  column  and 
near  the  upper  end  on  the  compression  sides  of  the  bends.  One  hoop 
located  near  middle  of  height  of  column  was  fractured  across  first 
rivet  hole. 
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Keenforced  with  25  hoops,  cac.i  1  .50  wide  by    .12  thick,  and  foi  r 
1"  X  1"  by  95".90  steel  angle  bars.     Hoops  spaced  4"  center  to  center. 


Composition,  by  volume:  Alpha  cement,  1^  sand,  2;  trap  roc):  (?" 
to  li"),  4.     Water,  39.7  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  months  12  days. 
Weight  of  column,  total,  747  po;  nds. 

Weight  of  concrete,  675  po;  nds  =  150.7  poi  nds  per  cubic  foot. 
Weight  of  cage,  complete,  72  po;  nds.  v 

Height  of  column,  95.90  inches. 
Diameter  of  column,  10.30  inches. 
Sectional  area,  gross,  83.32  square  inches. 
Sectional  area  of  angle  bars,  0.91  square  inch. 
Gauged  length,  50^^. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  squaro 
incli. 

Compres- 
sion. 

Set. 

Pounds. 

Pound". 

Tnch. 

Inch. 

8,332 

100 

0. 

0. 

Initial  load,     lioadod  with  9.00.    pounds  ]yc- 
foro  testing. 

12, 498 

150 

.0010 

0. 

10,  im 

200 

.0021 

.0004 

20,8;«) 

2.')0 

.003.5 

.0005 

24,990 

300 

.0047 

.0008 

X>,  102 

3.50 

.00<)2 

.0010 

33,328 

400 

.0075 

.0013 

37,494 

450 

.0090 

.0015 

41,1)00 

500 

.0107 

.0017 

45,8-0 

.'i.W 

.0117 

.0019 

49,992 

(JOO 

.0130 

.0021 

E  (100-000)  =  2,294,000  pounds  per  square  inch. 

000 
0.50 

.0134 
.0145 

.0024 
.0020 

54, 158 

r>8, 324 

700 

.0159 

.00:30 

02, 490 

7.'i0 

.0174 

.0029 

00, 050 

800 

.0188 

.0031 

70,822 

8.50 

.0203 

.0030 

74,988 

900 

.0218 

.0040 

79. 154 

950 

.0233 

.0042 

83,320 

1,000 

.0240 

.0045 

E  (GOQ-1 ,000)  =  2,174,000  pounds  per  square  im-h. 

(-.00 
1,100 

.0178 
.0178 

.0279 

.0040 
.0047 

.0049 

91,0.'-,2 

99,984 

1,200 

.0.313 

.00.58 

laS.  310 

1,.300 

.  (Y.m 

.mA\ 

110.048 

1,400 

.03<)4 

.0074 

124, 9«0 

i,r,oo 

.  0 130 

.0085 

E   (1.000-1,500)=- 1,007,000  pounds  per  square 
inch. 

(iOO 

.  0204 
.02<i:i 

.0083 
.  (XXS2 
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CONCl?ET!:    AND    MORTAR    OOLCTMNS. 
No.  1726— Continued. 


Applied  loads. 


Total. 


Pounds. 
133,312 
141,044 
149,976 
158,308 
166,640 


174,972 
183,304 
191, 63<) 
199, 9<W 
208.  bOO 


216.632 
224,964 


233.296 


241.628 
249.1K)0 


258,292 


349,000 


[*or  sauare 
Inco. 


In  gauged  length. 
Set. 


Compres- 
sion. 


Pounds. 
1.600 
1,700 
1,800 
1,900 
2,000 

600 
600 

2,100 
2,200 
2,300 
2.400 
2,500 

600 
600 

2,600 
2,700 

GOO 
600 

2,800 

600 
600 

2.900 
3,000 

600 
(500 

3.100 

600 
600 

4,189 


Inch. 
.0483 
.  05.15 
.OtX)7 
.0655 
.0715 

.0414 
.0412 

.0790 
.0881 
.0972 
.1050 
.1164 

.0735 
.0731 

.1288 
.1410 

.0915 
.0913 

.  i:,22 

.1005 
.1002 

.1644 

.  1755 

.1190 
.1185 

.1937 

.1333 
.1330 


Remarks. 


Inch. 
.0093 
.0103 
.0129 
.0146 
.0173 

.0172 
.0172 

.0221 
.0291 
.0364 
.0427 
.0524 

.0525  1 
.0524 

.0621 
.0720 

.0719 
.0719 

.0813 

.0812 
.6814 

.0913 
.1006 

.1006 
.1002 

.1158 

.1156 
.1155 


Rested  under  initial  load  30  minutes. 


E   (1.50&-2,000)~  1,309,000  pounds  iier  square 
inch. 


E  (2,000-2,500)=- 2,551,000  pounds    per  squarp 
inch. 


E    (2,500-3,000) -2,294,000  pounds  per  square 
inch. 


Ultimate  strength. 


Concrete  flaked  off  at  the  unsupported  sections  between 
Flaking  off  began  about  when  the  load  on  the  column  reached  3,000 
pounds  per  square  inch,  and  continued  thereafter.  Ultimate  failure 
occurred  by  reason  of  lateral  deflection  of  the  column,  at  the  middle 
of  its  height,  developing  triple  flexm-e. 
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No.  1728. 

1:2:4  Mixture. 

Reenforced  with  25  hoops,  each  1^^.50  wide  by  ''.12  thick,  and  four 
I'^Xl"  by  96"  steel  angle  bars.  Hoops  spaced  4"  apart,  center  to 
center. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  2;  trap  rock  (f' 
to  li^)j  4.     Water,  45.4  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  months  12  days. 
Weight  of  column,  total,  990  potmds. 

Weight  of  concrete,  917.5  potmds  =  149.4  pounds  per  cubic  foot. 
Weight  of  cage,  complete,  72§  pounds. 
Height  of  colimm,  96  iuches. 
Diameter  of  column,  12  inches. 
Sectional  area,  gross,  113.10  square  inches. 
Sectional  area  or  angle  bars,  0.91  square  inch. 
Gauged  length,  50". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds, 

Pounds. 

Inch. 

Inch. 

11,310 

100 

0. 

0. 

Initial  load.    Loaded  with  9,000  pounds  be- 
fore testing. 

16,965 

150 

.0010 

0. 

22,620 

200 

.0023 

.0004 

28,275 

250 

.0034 

.0005 

33,930 

300 

.0046 

.0006 

39,585 

350 

.0060 

.0010 

45,240 

400 

.0074 

.0013 

50,895 

450 

.0086 

.0015 

56.560 

500 

.0100 

.0019 

62,205 

650 

.0114 

.0021 

07,860 

600 

.0131 

.0030 

E  (10CMOO)»  2,475,000  pounds  per  square  inch. 

600 

.0134 

.0030 

73,615 

650 

.0145 

.0030 

79,170 

700 

.0157 

.0032 

84,825 

750 

.0174 

.0038 

90,480 

800 

.0189 

.0040 

96,135' 

850 

.0204 

.0045 

101,790 

900 

.0224 

.0050 

107,445 

950 

.0243 

.0054 

113,100 

1,000 

.0264 

.0060 

E  (600-1,000)- 1,942,000  pounds  per  square  Inch. 

600 

.0190 

.0060 

600 

.0189 

.0060 

124,410 

1,100 

.0296 

.0070 

135,720 

1,200 

.a342 

.0081 

147,030 

1,300 

.0385 

.0092 
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CONCRETE  AND  MOBTAB  COLUMNS. 

No.  1728— Continued. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
indi. 

Compres- 
sion. 

Set. 

Pounds. 
158,340 
160,650 

Pounds. 
1,400 
1,500 

600 
600 

1,600 
1,700 
1,800 
1,900 
2,000 

600 
600 

2,100 
2,200 

2,300 

2,400 
2;  500 

600 
600 

2,600 
2,700 

600 
600 

2,800 
2,900 
3,000 

600 

Inch. 
.0431 
.0494 

.0306 

.(am 

.0545 
.0604 
.0668 
.0745 
.     .0849 

.0524 
.0521 

.0940 
.1082 

.1200 

.1350 
.1490 

.0997 
.0995 

.1650 
.1845 

.1279 
.1277 

.2006 
.2240 
.2450 

.1786 
.1781 

Inch. 
.0101 
.0122 

.0120 
.0120 

.0131 
.0155 
.0187 
.0231 
.0294 

.0294 
.0293 

.0360 
.0460 

.0562 

.0674 
.0785 

.0784 
.0783 

.0907 
.1073 

.1072 
.1071 

.1204 
.1404 
.1591 

.1589 
.1588 

E   (1,000-1,600)- 1,488,000  pounds  per  square 

E   (1, 50(^2,000) » 1,366,000  pounds  per  square 
inch. 

Snapping  sound. 

fTwo  short  cracks  appear  on  surface  of  column, 
{    near  middle,  nearly  circular  in  direction;  also 
[    d rcularand  obliquecracksnearend  of  oolum n. 

E   (2,000-2,500)- 1,667,000  pounds  per  square 

E   (2,600-3,000)- 1,623,000  pounds  per  square 
Ultimate  strength. 

180,960 
192,270 
203,580 
214,800 
226,200 

237,510 
248,820 

260,130 

271,440 
282,750 

294,060 
305,370 

316,680 
327,990 
339,300 

600 

370,000 

3,271 



Cracks  continued  to  develop — circular,  longitudinal,  and  oblique — 
as  the  loads  were  advanced  from  2,300  pounds  per  square  inch.     After 

Sassing  the  maximum  stress,  and  wnile  the  loaos  were  ^adually 
Topping,  the  fourth  hoop  from  the  upper  end  of  the  column  fracturea 
across  the  first  rivet  hole.  The  outer  shell  opened  wide  cracks  in  the 
upper  part  of  the  column,  one  section  of  which  is  shown  by  the  accom- 
panying photograph. 
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Reenforced  with  48  hoops,  each  1' 
four  V  X  1"  by  95^.50  steel  angle  bars, 
to  center. 


.04  wide  by  ".06  thick,  and 
Hoops  spaced  2^^  apart,  center 


\ 


Composition,   by  volume:  Alpha   cement,    1;  sand,   2;  trap  rock 
(i"  to  J''),  4.     Water,  79.4  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  months  12  days. 
Weight  of  column,  total,  728  pounds. 

Weight  of  concrete,  667  pounds  =  147.2  pounds  per  cubic  foot. 
Weight  of  cage,  complete,  61  pounds. 
Height  of  column,  95.50  inches. 
Diameter  of  column,  10.36  inches. 
Sectional  area,  gross,  84.30  square  inches. 
Sectional  area  of  angle  bars,  0.91  square  inch. 
Gauged  length,  SO''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 
Pounds. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Inch.            Inch. 

8,430 

100 

0.                   0. 

Initial  load.    Loaded  with  9.000  pounds  before 
testing. 

12,645 

150 

.0008 

.UUW 

16.8«J0 

200 

.0014 

.0003 

21,075 

250 

.0023 

.0005 

25,290 

300 

.0029 

.0006 

29.505 

350 

.0037 

.0006 

3:^,720 

400 

.0044 

.0008 

37,935 

450 

.00.53 

.0009 

42,  IfiO 

500 

.0062 

.0010 

4<).  3(i.'i 

5.'i0 

.0071 

.0012 

50,580 

600 

.0080 

.0013 

E  (100-600) -3,731 ,000  pounds  per  square  inch. 

600 
650 

.0082 
.0089 

.0014 
.0016 

54,795 

59.010 

700 

.0098 

.0017 

63,225 

750 

.0107 

.0019 

67,440 

800 

.0117 

.0021 

71,6.55 

850 

.0127 

.0022 

75. 870 

900 

.0135 

.0022 

80.085 

950 

.0145 

.0023 

84,300 

1,000 

.0155 

.0026 

E  (600-1,000)--  3,226,000  pounds  per  square  inch. 

600 
600 

1,100 

.0099 
.0098 

.0175 

.0026 
.0026 

.0029 

92.730 

101,160 

1,200 

.0193 

.0033 

109.  .'VGO 

1,300 

.0214 

.0037 

118.030 

1,400 

.0238 

.0041 

le 
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No.  1746 — Continued. 


AppUed  loads. 

In  gauged  length. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Inch. 
.0045 

.0044 
.0044 

.0052 
.0055 
.0061 
.0008 
.0072 

.0071 
.0071 

.0080 
.0092 
.0105 
.0121 
.0151 

.0149 
.0147 

.0163 
.0187 
.0216 
.0255- 
.0309 

.0306 
.0305 

.0366 
.0444 
.0530 
.0612 
.0709 

.0702 
.0702 

.0814 
.0930 
.1113 

.1108 
.1103 

Pounds, 
126,450 

Pounds. 
1,500 

600 
600 

1,600 
1,700 
1,800 
1,900 
2,000 

600 
600 

2,100 
2,200 
2,300 
2,400 
2.500 

600 
600 

2,600 
2.700 
2,800 
2.900 
3,000 

600 

eoo 

3,100 
3,200 
3,300 
3,400 
3,500 

600 
600 

3,600 
3,700 
3,800 

600 
600 

3,843 

Inch. 
.0260 

.0128 
.0127 

.0288 
.0313 
.0340 
.0368 
.0395 

.0171 
.0170 

.0428 

.0510 
.0556 
.0027 

.0279 
.0281 

.0670 
.0724 
.0785 
.0853 
.0934 

.0457 
.0452 

.1028 
.1140 
.1255 
.1368 
.1493 

.0854 
.0845 

.1620 
.1772 
.1980 

.1247 
.1240 

K    (1,000-1,500)- 2,907,000  pounds 

E    (1,500-2,000)= 2,315,000  pounds 

E    (2,000-2,500)=- 1,6.-J4,000  pounds 

E    (2,500-3,000)= 1,678,000  pounds 
Inch. 

Small  cracks  at  difloitint  places. 

E    (3,000-3,500)=  1,572,000  pounds 
inch. 

Ultimate  strength. 

per  square 
per  square 

per  square 

1 
per  square 

per  squaro) 

134,880 
143,310 
151,740 
160, 170 
168,600 

177,030 
185,460 
193,890 
202,320 
210,750 

219, 180 
227,610 
236,040 
244,470 
252,900 

261,330 
269,760 
278.190 
286,620 
295,050 

303,480 
311,910 
320,340 

324,000 

Opened  cracks  generally  along  the  height  of  the  column.     The 

Erincipal  zone  of  rupture  was  one  foot  from  the  lower  end.    Two 
oops  fractured,  d*'  and  11''  from  the  lower  end,  after  passing  the 
maximum  stress. 
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No.  1744. 

1:2:4  Mixture. 

Reenforced  with  48  hoop9,  each  1''.04  wide  by  *'.06  thick,  and  four 
1"  Xl''  by  95''. 62  steel  angle  bars.  Hoops  spaced  2"  apart,  center  to 
center. 


Composition,   by  volume:  Alpha  cement,    1;  sand,   2;  trap 
{Y  to  I''),  4.     Water,  72.6  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  6  montlis. 
Weight  of  column,  total,  962  pounds. 

Weight  of  concrete,  901  pounds  =  148.2  pounds  per  cubic  foot. 
Weight  of  cage,  complete,  61  pounds. 
Height  of  column,  95.62  inches. 
Diameter  of  column,  11.95  inchesi 
Sectional  area,  gross,  112.16  inches. 
'Sectional  area  of  angle  bars,  0.91  square  inch. 
Gauged  length,  50^^. 


rock 


Applies 

1  loads. 

In  gaugp 

(1  length. 

Remarks. 

Total. 

Per  square 
Inoh. 

Compres- 

sinn. 

Set. 

Pownds. 

/»ottnd^. 

Inch. 

Inch. 

11,216 

100 

0. 

0. 

Initial  load.    Loaded  with  9,000  pounds  l)erorB 
testing. 

16.824 

150 

.0009 

.ooa3 

22, 432 

200 

.0019 

.0003 

28,040 

250 

.0030 

.0005 

33.048 

300 

.0040 

.0007 

39, 2.')G 

aw 

.0051 

.0009 

44,8(>4 

400 

.00(56 

.0011 

50,472 

4.50 

.0079 

.0013 

5().0S0 

500 

.0032 

.0015 

61.(iXS 

.'>.-)0 

.0107 

.0019 

67,296 

Km 

.0123 

.0023 

E  (10O-e0O)-2,SOO,OOO  pounds  per  square  inch. 

<^)0 
(v-)0 

.0124 
.0136 

.0023 
.0026 

72.904 

78,512 

7«l 

.0150 

.0027 

84,120 

IH^ 

.0167 

.0033 

89,728 

WX) 

.0180 

.0035 

95.:s:m'. 

K'O 

.01«4 

.0039 

10(^914 

900 

.021.". 

.  0043 

iot;,rM2 

9:)0 

.O-Z-T. 

.0049 

112,  H» 

1,000 

.024i> 

.oa-ii 

E  (600-1 ,000)  -  2,041,000  pounds  per  square  Ir-jh. 

600 
600 

1,100 

.0172 
.0172 

.0281 

.oa'is 

.0053 
.0060 

123, 376 

134.  .W2 

1.200 

.0318 

.0060 

14.5.808 

1,300 

.0361 

.0081 
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CONCltCTE   AND   MORTAB   COLUMNS. 


No.  1744 — Continued. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 
157,024 
168,240 

Pounds. 
1,400 
1,500 

600 
600 

1,600 
1,700 
1,800 

1,900 
2,000 

600 
GOO 

2,100 
2,200 
2,300 
2,400 
2,500 

600 
600 

2,600 
2,700 
2,800 

600 
600 

2,989 

Inch. 
.0407 
.0457 

.0265 
.0261 

.0510 
.0568 
.0629 

.0095 
.0780 

.0442 
.0441 

.0892 
.1013 
.1126 
.1279 
.1454 

.0944 
.0938 

.1634 
.1848 
.2040 

.1411 
.1407 

Inch. 
.0092 
.0105 

.0106 
.0103 

.0118 
.0134 
.0158 

.0190 
.0242 

.0241 
.0241 

.0320 
.0409 
.0540 
.0009 
.0751 

.0750 
.0747 

.0880 
.1069 
.1220- 

.1219 
.1218 

E   (1,000-1,500)- 1,634,000  pounds  per  square 

Rested  under  150  pounds  per  square  inch  18 
hours.    Set  at  end  of  rest, ''.  01^ 

£   (1,500-2,000)- 1,337,000  pounds  per  square 
inch. 

Crack  opened  near  middle  of  height  of  column. 
E    (2,000-2,500)- 1,515,000  pounds  per  square 
inch. 

Ultimate  strength. 

179,456 
190,672 
201,888 

213, 104 
224,320 

235,536 
240,752 
257,968 
260,184 
280,400 

291,616 
302,832 
314,048 

335,200 

Opened  oblique  cracks  in  a  section  2  feet  long,  from  middle  of 
heignt  of  column  to  within  2  feet  of  upper  end.  The  load  gradually 
fell  to  320,000  pounds,  when  a  hoop  near  the  middle  of  height  of 
column  fractured,  at  which  time  a  suaden  drop  in  resistance  occurred. 
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1:3:6  Mixture. 
Plain  column,  without  reenforcing  metal. 
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Composition,  by  volume:  Alpha  cement,    1;  sand^  3;  trap  rock 
(J"  to  li"),  6.     Water,  90.7  per  cent  of  cement,  by  weight. 
A":e,  set  in  air,  5  months  1 1  days. 
Weight  of  column,  total,  698  pounds. 

Weight  of  concrete,  698  pounds  =  148.2  pounds  per  cubic  foot. 
Hei^t  of  column,  96.10  inches. 
Diameter  of  column,  10.38  inches. 
Sectional  area,  84.62  square  inches. 
Gauged  length,  50''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
8,462 

12,603 
16,924 
21,155 
25,386 
29,617 
33,848 
38,079 
42,310 
46,541 
50,772 

Pounds. 
100 

160 
200 
260 
300 
350 
400 
450 
500 
550 
600 

600 

650 
700 
750 

Inch. 
0. 

.0011 
.0024 
.0038 
.0064 
.0072 
.0090 
.0110 
.0134 
.0152 
.0179 

.0185 

.0207 
.0238 
.0286 

Inch. 
0. 

0. 

.0003 
.0006 
.0010 
.0017 
.0023 
.0031 
.0039 
.0049 
.0060 

.0065 

.0075 
.0093 
.0121 

Initial  load.    Loaded  with  6,000  pounds  before 
testing. 

E  (100-600) =2,101,000  pounds  per  square  inch. 
Ultimate  strength. 

55,003 
59.234 
63,466 

Colimon  failed  near  its  lower  end,  opening  oblique  and  longitudinal 
cracks.  The  maximum  load  was  applied  and  released ;  upon  reapply- 
ing a  load  failure  was  completed  unaer  diminished  stress.  The  lower 
end  of  the  column  was  less  sound  than  the  upper  part,  due  to  leakage 
of  the  mold  in  which  it  was  formed. 
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iveenrorcea  witn  zd  noops,  eacn  i 
spaced  ^  apart,  center  to  center. 


ou  wiae  oy    .iz  inicK.     noops 


Composition,  by  volume:  Alpha  cement,  1;  sand,  3;  trap  rock 
Ci''  to  li"),  6.     Water,  83.2  per  cent  of  cement,  by  weight. 

Age,  set  in  air,  6  months  4  days. 

Weight  of  column,  total,  721  pounds. 

Weight  of  concrete,  674  pounds  =  145.9  pounds  per  cubic  foot. 

Weight  of  hoops,  47  pounds. 

Height  of  colunm,  96.25  inches. 

Diameter  of  column,  10.38  inches. 

Sectional  area,  gross,  84.62  square  inches. 

Gauged  length,  50''. 

Defective  cohmin;  a  hoop  2  feet  from  lower  end  was  displaced 
during  construction. 


AppUed  loodB. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

P(wnd«. 

Pounds. 

Inch. 

Inch. 

8,462 

100 

0. 

0. 

Initial  load.    Loaded  with  8,000  pounds  before 
testing. 

12,693 

150 

.0015 

.0006 

16,924 

200 

.0034 

.0014 

21,155 

250 

.0050 

.0031 

25.386 

300 

.0083 

.0033 

29,617 

350 

.0110 

.0048 

33.848 

400 

.0145 

.0067 

38,079 

450 

.0181 

.0089 

42,310 

500 

.0219 

.0110 

46,541 

550 

.0262 

.0135 

60,772 

600 

.0318 

.0174 

E  (10(MiO0)»  1,736,000  pounds  per  squaro  inch. 

600 
GOO 
600 

.0329 
.0342 
.  a3()8 

.0182 
.0101 
.0226 

Rested  under  600  pounds  per  square  inch  30 
minutes. 

Rested  under  Initial  load  20  hours.    Set  at  end 
of  rest,  ".0221.                               , 



GOO 
600 
600 

.0371 
.a374 
.0376 

.0228 
.0229 
.0229 

600 
650 

.0370 
.0392 

.0224 
.0232 

55,003 

59,234 

700 

.0426 

.0248 

63,465 

750 

.0498 

.0300 

67,696 

800 

.05.50 

.0334 

71,927 

850 

.0<i25 

.0382 

76.158 

900 

.0707 

.0440 

80.389 

950 

.0795 

.0503 

84,620 

1,000 

.0886 

.0670 

E    (600-1,000)  - 1,163,000   pounds   per    square 
Inch. 

GOO 
600 

.0763 
.0701 

.0671 
.0572 



Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Inch. 
.1050 
.1230 
.1446 
.1660 
.1890 

.1564 
.1556 

Set. 

Pounds. 
93,082 
101,544 
110,006 
118,468 
126,930 

Pounds. 
1,100 
1,200 
1,300 
1,400 
1,500 

600 
600 

1,918 

Inch. 
.0687 
.0819 
.0980 
.1136 
.1305 

.1310 
.1308 

E   (1.000-1,500)  -  929,000   pounds   per   square 
Inch. 

Ultimate  strength. 

162,300 

Column  failed  2  feet  from  lower  end,  where  a  hoop  was  displaced 
during  construction;  this  hoop  was  in  an  obliaue  position.  The 
behavior  of  the  colimin  under  the  successive  loads,  as  indicated  by 
the  micrometer  observations  of  compressions  and  sets,  is  believed 
to  be  reliably  shown.  The  defective  part  was  outside  the  gauged 
length.  The  ultimate  strength,  however,  was  reduced  by  reason  of 
the  defective  hoop. 
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Hpaced  4"^  apart,  center  to  center. 


Composition,  hy  volume:  Alpha  cement,  1;  sand^  H;  eiaders,  6^ 
Water,  105,8  ptT  cent  of  cement,  by  weight, 

\^f^,  se{  in  rtir,  0  iiionth>s  4  days. ' 

lr\  eif^ht  uf  enlumnj  t(>tal,  515  poiiiidi^. 

Wei^^ht  of  concrete,  468  fHiuods^lOlJl  poundiJ  per  rnihie  faut. 

Weijirhl  of  hoops,  47  poumls. 

Ileiglit  of  coluumj  9(}/M)  inches. 

Diameter  of  cohinm,  \U.:^><  inches, 

Si^ctif^nal  area,  84 .(j2  scjuaro  mche^. 

(lau^eti  len^lh.  oO". 

The  hoo|>s  wen:  i^eiierally  without  initia!  tension,  appc^aring  slightly 
luoRe  when  ** sounded"  with  a  hammer  blow. 


Applied  loftclSn 


TntaL 


filial 

42,:!  10 
4ft,  Ml 
50,77i 


inch. 


la  t^ognd  Icngtli. 


CompTva- 


B6L. 


RemiiHcEU 


^].IS5    1 

2&Am  ' 

L'y,*H7 

:j.\MH 

ii8.on» 

e3io 

4ft,  Ml 

Ii5.{l03 
63,405 


\m 
'Mi 

mi 

400 

m\ 

m  • 
aoa  ) 

mo  I 
•m 

750 

mi 


mi 


hicti. 

,CKX*H 
,0061 

.um 


0. 

,iwia 
.mm 

aofiii 

.00012 
.0130 
.0152 


I  InUljLl  \md. 


Ijaikded  wlih  Tjooa  ptmjid»  befbn 


.ozita     E  (iO(MM)o)-7o:r,ctf)D  i>oi]tid«  per  «iiiit?  uidi. 


,0i4B 

OfM 
.OfitU 

.mm 


7fi,lBS 


TMI.00O 


ticio. 

(ISO 
J. 000 

/ma 

,  Oli&i 
.107« 

•^ 
w 

aoM 

1^134 

1 

Ultimate  vifeogtb^ 


Column  failed  IS'^  from  the  lower  end.  There  was  porous  concrete 
in  the  vicinity  of  the  fracture.  Detached  portions  flaked  off  between 
the  hoops. 


I'^Xl'^  by  96^^  steel  angle  bars.     Hoops  spaced  4''  center  to  center. 
Hoop  metal  lapped  and  riveted  with  3  rivets. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  3;  trap  rock  (}'' 
to  li''),  6.     Water,  60.3  per  cent  of  cement,  by  weight. 

Age,  set  in  air,  5  montns  1 1  days. 

Weight  of  column,  total,  744  pounds. 

Weight  of  concrete,  672  pounas=  148.3  pounds  per  cubic  foot. 

Weight  of  cage,  complete,  72  pounds. 

Height  of  column,  96  inches. 

Diameter  of  column,  10.35  inches. 

Sectional  area,  gross,  84.13  square  inches. 

Sectional  area  of  angle  bars,  0.91  square  inch. 

Gauged  length,  SO'', 

This  column  had  porous  spots  in  it,  which  were  filled  with  cement 
mortar  when  removed  from  the  mold. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

8,413 

100 

0. 

0. 

Initial  load.    Loaded  with  8,000  pounds  before 
testing. 

12,620 

150 

.0017 

.0003 

16,826 

200 

.0030 

.0008 

21,033 

250 

.0049 

.0013 

25,239 

300 

.0065 

.0015 

29,446 

350 

.0080 

.0019 

33,652 

400 

.0096 

.0021 

37.859 

450 

.0113 

.0025 

42,065 

500 

.0129 

.0029 

46,272 

550 

.0144 

.0032 

50,478 

600 

.0158 

.0035 

E  (100—600)^2,033,000  pounds  per  square  inch. 

600 

.0160 

.0038 

64,686 

650 

.0176 

.0039 

68,890 

700 

.0190 

.0040 

63,098 

750 

.0205 

.0044 

67,304 

800 

.0049 

71,511 

850 

.0240 

.0054 

76,717 

900 

.0258 

.0056 

79,924 

950 

.0276 

.0060 

84,130 

1,000 

.0294 

.0066 

E  (600-1,000)  —  1 ,887,000  iK>unds  per  square  inch. 

600 

.0219 

.0064 

600 

.0218 

.0064 

H.  Doc.  26,  69-2- 
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OONOBETE    AND   MORTAR   (X)LUMN8. 

No.  1727— Continued. 


Applied  loads. 


Total. 


Powndt. 
92,543 
100,056 
109,360 
117,782 
126,105 


134,608 
143,021 
151,434 
150,847 
168,260 


176,673 
185.066 
103,400 
201,012 
210,325 


218,738 
227,151 
235,564 
243,077 
252,300 


260,803 
260,216 


277,620 


286,042 


204,455 


325,000 


Per  square 
inch. 


Powndt. 
1,100 
1,200 
1,300 
1,400 
1,500 

600 
600 

1,600 
1,700 
1,800 
1,000 
2,000 

600 
600 

2,100 
2,200 
2,300 
2,400 
2,500 


600 

2,600 
2,700 
2,800 
2,000 
3,000 

600 
600 

3,100 
3.200 

600 
600 

3,300 

600 
600 

3,400 
600 

3,500 
600 

3,863 


In  gauged  length.      | 


Compres- 
sion. 


Inch. 
.0320 
.0367 
.0400 
.0451 
.0500 

.0310 
.0310 


.0606 
.0660 
.0720 
.0706 

.0481 
.0480 

.0681 
.0071 
.1054 
.1150 
.1255 


.0605 
.0787 


.1513 
.1631 
.1730 
.1860 

.1270 


.1003 
.2110 

.1463 
.1466 

.2248 

.1578 
.1578 

.2426 

.1741 

.2510 

.1800 


Set. 


Inch, 
.0075 
.0083 
.0000 
.0090 
.0118 

.0115 
.0116 

.0125 
.0141 
.0163 
.0000 
.0241 

.0241 
.0241 

.0304 
.0370 
.0435 
.0513 
.0600 


.0590 

.0501 

.0714 
.0808 
.0005 
.0076 
.1000 

.1068 
.1066 

.1204 
.1207 

.1203 
.1207 

.1406 

.1403 
.1403 

.1560 

.1570 

.1635 

.1620 


Remarks. 


E  (1JOOO-1,500)«  1,543,000  pounds  per  square 


E^O, 


,000)^1,506,000  pounds  per  square 


E  (2.000-2,500)«2,551,000  pounds  per  square 
inch.    Crack  in  concrete  near  lower  end. 

Rested  under  initial  load  30  minutes,  at  the  end 
of  which  period  the  set  was  ''.0588. 


E  (2,500-3,000) -2,016,000  pounds  per  square 


Rested  under  initial  load  30  minutes. 

E  (3,000-3,500)— 2,604  000  pounds  per    square 
inch. 


Ultimate  strength. 


Concrete  cracked  and  flaked  off  at  different  places  along  the  height 
of  the  column,  but  in  a  more  marked  degree  near  the  lower  end. 
After  reaching  the  ultimate  strength  the  loads  were  continued,  grad- 
ually dropping.  Further  deformation  took  place,  and  the  fifth  hoop 
fractured  across  a  rivet  hole. 
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.1^   tiiiun.,  ifciiu  luui 


I'^Xl''  by  96''  steel  angle  bars.     Hoops  spaced  4^^  apart,  center  to 
center. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  3;  trap  rock  (i^ 
to  li''),  6.     Water,  90.7  per  cent  of  cement,  by  weight. 

Age,  set  in  air,  5  months  3  days. 

Weight  of  colimm,  total,  963  pounds. 

Weight  of  concrete,  891  pounds  =  144.6  pounds  per  cubic  foot. 

Weight  of  cage,  complete,  72  pounds. 

Height  of  column,  96  inches. 

Diameter  of  column,  12.02  inches. 

Sectional  area,  gross,  113.47  square  inches. 

Sectional  area  of  angle  bars,  0.91  square  inch. 

Gauged  length,  50''. 

Column  contained  many  voids.  Surface  voids  filled  with  a  1 :  3  mor- 
tar when  column  was  taken  out  of  mold. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inc^. 

Compres- 
sion. 

Set. 

PountU. 

Pounds. 

Inch. 

Inch. 

11,347 

100 

0. 

0. 

I  nit  ial  load.    Loaded  with  8,000  pounds  before 
testing. 

17,021 

150 

.0030 

.0014 

22,  (VM 

200 

.0050 

.0023 

28.3ti8 

250 

.0084 

.0030 

34.041 

300 

.0108 

.0036 

39.715 

350 

.0133 

.0041 

45,388 

400 

.0157 

.0048 

51.062 

450 

.0181 

.0051 

56,735 

500 

.0208 

.0058 

62,409 

550 

.0234 

.0063 

68,082 

600 

.0262 

.0068 

E  (100-600) — 1,289,000  pounds  per  square  Inch. 

600 
650 

.0268 
.0290 

.0070 
.0073 

73.756 

79.429 

700 

.0320 

.0078 

85.103 

750 

.0350 

.0085 

90.776 

800 

.0381 

.0090 

96,4.'50 

8,50 

.0410 

.0095 

102. 123 

900 

.0445 

.0105 

107,797 

950 

.0484 

.0117 

113,470 

1,000 

.0513 

.0124 

E  (600-1,000) -l,Q26,000pound8  per  square  inch. 

*     600 
600 

.0401 
.0400 

.0125 
.0124 

1 
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CONCRETE  AND  MOBTAB  COLUMNS. 

No.  1729— Continued. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Indi. 

Compres- 
sion. 

Set. 

Pounds. 
124,817 
136,164 
147,511 
158,868 
170,206 

Pounds. 
1,100 
1,200 
1,300 
1,400 
1,500 

600 
600 

1,600 
1,700 
1,800 

600 
600 

1,900 
2,634 

JndL 
.0596 
.0683 
.0793 
.0935 
.1100 

.0606 
.0805 

.1265 
.1454 
.1645 

.1229 
.1229 

.1830 

/ncft. 
.0163 
.0221 
0292 
.0398 
.0627 

.0524 
.0622 

.0662 
.0619 
.0975 

.0972 
.0976 

.1131 

Cracks  appear  in  upper  half  of  column. 

E  (l^f,500)  =  1,360,000  pounds  per  square 

Rested  under  initial  load  16  hours.    Set  at  end 
of  rest,  ".0969. 

Ultimate  strength. 

181,562 
192,899 
204,246 

215,093 
299,000 

The  principal  cracks  in  the  concrete,  outside  of  the  hooping,  occur- 
red in  a  section  about  3  feet  long  and  located  1  foot  below  the  upper 
end  of  the  column.  Cracks  gradually  developed  above  loads  of  1,400 
pounds  per  square  inch.  After  passing  the  maximum  stress,  the  load 
slowly  fell  to  about  280,000  pounds  total,  when  the  seventh  hoop 
from  the  upper  end  of  the  colunm  fractured  across  the  first  rivet  hole. 
The  total  height  of  the  column  at  this  time  was  95''.20,  an  upsetting 
of  ''.80.     A  sudden  loss  in  resistance  followed  the  fracture  of  this  hoop. 
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No.  1747. 
1:3:6  Mixture. 
•     Reenforced  with  48  hoops,  each  l^.OG  wide  by  ^^.6  thick,  and  four 
I'^X  I''  by  QS'^.SO  steel  angle  oars.     Hoops  spaced  2"  apart,  center  to 
center. 


Composition,  by  volume:  Alpha  cement,    1;  sand,  3;  trap 
{Y  to  J''),  6.     Water,  105.8  per  cent  of  cement  by  weight. 
Affe,  set  in  air,  5  months  1 1  days. 
Weight  of  column,  total,  693  pounds. 

Weight  of  concrete,  632  pounds  =  138.9  pounds  per  cubic  loot. 
Weight  of  cage,  complete^  61  pounds. 
Height  of  column,  95.80  mches. 
Diameter  of  colunan,  10.36  inches. 
Sectional  area,  gross,  84.30  square  inches. 
Sectional  area  oi  angle  bars,  0.91  square  inch. 
Gauged  length,  SO''. 


rock 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 

iDCh. 

Compres- 
sion. 

Set. 

PownA: 

Pound*. 

/ncft. 

Ifidi, 

8,430 

100 

0. 

0. 

Initial  load.    Loaded  with  0,000  pounds  before 
testing. 

12,046' 

160 

.0031 

.0007 

16,860 

200 

.0065 

.0016 

21,075 

250 

.0006 

.0021 

26,200 

300 

.0124 

.0028 

29,606 

360 

.0161 

.0033 

33,720 

400 

.0178 

.0038 

37,036 

450 

.0204 

.0041 

42,160 

600 

.0233 

.0046 

46,365 

650 

.0262 

.0048 

60,580 

600 

.0201 

.0052 

E  (100-400)— 1,046,000  pounds  per  square  inch. 

600 
650 

.0206 
.0323 

.0065 
.0056 

64,786 

60,010 

700 

.0356 

.0060 

63,226 

750 

.0386 

.0066 

67,440 

800 

.0417 

.0068 

71,665 

850 

.0463 

.0075 

76,870 

000 

.0400 

.0070 

80,066 

060 

.0630 

.0068 

84,300 

1,000 

.0671 

.0097 

E  (600-l,000)=«l,000pound8  per  square  inch. 

600 
600 

1,100 

.0436 
.0432 

.0667 

.0097 
.0006 

.0110 

02,730 

101,160 

1,200 

.0776 

.0181 

100,600 

1,300 

.0900 

.0273 

118,020 

1,400 

.1047 

.0404 

126,460 

1,600 

.1240 

.0676 

E  (li)00-l,600)=l,300,000  pounds  per  square 

Digitized  by  VjOOQ IC 


518 


OONORETE    AND   MORTAB   OOLUMNS. 
No.  1747 — Continued. 


Applied  loads. 

In  gauged  length. 

Total. 

Per  square 

Compres- 
sion. 

Set. 

Remarks. 

PoundM. 

Pounds. 
600 
600 

1,600 
1,700 
1,800 

600 
600 

1,900 
2,000 

600 
600 

2,100 
2,200 
2,300 

600 
600 

2,515 

Inch. 
.0698 
.0896 

.1435 
.1646 
.1860 

.1400 
.1399 

.2075 
.2283 

.1749 
.1748 

.2504 
.2698 
.2855 

.2218 
.2219 

Inch. 
.0576 
.0576 

.0746 
.0930 
.1120 

.1120 
.1120 

.1309 
.1486 

.1487 
.1487 

'    .1680 
.1852 
.1987 

.1981 
.1963 

E   (1.500-2,000)=1, 894,000  pounds  per  square 
Ultimate  strength. 

134,880 
143,310 
151,740 

160,170 
168,600 

177,030 
185,460 
193,800 

212,000 

Column  failed  by  triple  flexure.  Deflected  upward  and  in  part 
horizontally  at  the  midale  of  its  height.  IVo  hoops  were  fractured 
near  middle  of  height. 
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I'^Xl''  by  96" 
center. 


steel  angle  bars.     Hoops  spaced  2"  apart,  center  to 


Composition,  by  volume:  Alpha  cement,   1;  sand,  3;  trap  rock 
{\"  to  J''),  6.     Water,  103.7  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  months  13  days. 
Weight  of  column,  total,  930  pounds. 

Weight  of  concrete,  869  pounds  =  142.  2  pounds  per  cubic  foot. 
Weight  of  cage,  complete,  61  pounds. 
Height  of  column,  96  inches. 
Diameter  of  column,  11.95  inches. 
Sectional  area,  gross,  112.16  square  inches. 
Sectional  area  of  angle  bars,  0.91  square  inch. 
Gauged  length,  SO''. 


Applied  loads. 

In  gauge 

d  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

/*oandj». 

Poundjf. 

Inch. 

Inch. 

11,216 

100 

0. 

0. 

Initlalload.    Loaded  with  7,500  pounds  before    , 
testing. 

16,824 

150 

.0027 

.0009 

22,432 

200 

.0057 

.0016 

28,040 

250 

.0081 

.0021 

33,048 

300 

.0109 

.0026 

39,256 

350 

.0134 

.0033 

44,864 

400 

.0160 

.0038 

.50, 472 

4.50 

.0185 

.0044 

56.080 

500 

.0211 

.0060 

61,688 

550 

.0239 

.0056 

67,296 

600 

.0288 

.0063 

E  (10O-«00^=l  220,000  pounds  per  square  inch. 

600 

.0272 

.0065 

72,904 

650 

.0294 

.0067 

78,512 

700 

.0320 

.0075 

84.120 

750 

.0351 

.0079 

89,728 

800 

.0381 

.0066 

95,336 

850 

.0410 

.0089 

100,944 

900 

.0447 

.0098 

106,552 

950 

.0484 

.0109 

112.160 

1,000 

.0514 

.0118 

E  (600-1,000)=1,047,000  pounds  per  square  Inch. 



600 

.0396 

.0118 

600 

.0397 

.0118 

1 

JO 


•8 


le 


520 


CONCRETE  AND  MORTAB  COLUMNS. 

No.  1745 — Continued. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
Bion. 

Set. 

Pounds. 
123,376 
134,692 
145,808 
157,024 
168,240 

Pounds. 
1,100 
1,200 
1,300 
1,400 
1,500 

600 
600 

1,600 
1,700 
1,800 
1,900 
2,000 

600 
600 

2,100 
2,200 
2,309 

Inch. 
.0994 
.0681 
.0784 
.0691 
.1048 

.0730 
.0729 

.1221 
.1385 
.1575 
.1825 
.2055 

.1533 
.1627 

.2345 
.2676 

Inch. 
.0136 
.0170 
.0225 
.0296 
.0420 

.0418 
.0417 

.0665 
.0700 
.0650 
.1070 
.1259 

.1259 
.1259 

.1510 
.1793 

E   (1.000-1,500)=1,078,000  pounds  per  square 

Cracks  opened. 

E   (1/00-2,000)— 1,488,000  pounds  per  square 

mtimate  strength. 

179,466 
190,672 
201,888 
213, 104 
224,320 

235,536 
246,752 
259,000 

Failed  18  inches  from  the  lower  end  of  the  column.  Two  hoops 
fractured  42  mches  from  the  lower  end  when  the  resistance  had  fallen 
to  about  240,000  pounds. 
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with  prongs  bent  toward  center  of  column  at  an  angle  of  45    to  axis; 
bars  embraced  by  one  hoop  of  f '^  wire,  at  lower  end  of  colimin. 


/ZiOO 


Composition,   by  volume:  Alpha  cement,   1;  sand,   2;  trap  rock 
(}''),  4.     Water,  79.4  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  months  8  days. 
Weight  of  column,  total,  959  pounds. 

Weight  of  concrete,  894.25  pounds  =145.6  pounds  per  cubic  foot. 
Weight  of  Kahn  bars  and  hoop,  64}  poimds. 
Height  of  column,  95.90  inches. 
Diameter  of  column,  12  inches. 
Sectional  arjea,  gross,  113.10  square  inches. 
Sectional  area  of  vertical  bars,  1.73  square  inches. 
Gauged  length,  50^". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
bion. 

Set. 

POttfMfa. 

Powndi, 

Incli 

Incli 

11,310 

100 

0 

0. 

Initial  load.    Loaded  with  8,000  pounds  before 
testing. 

16,965 

150 

.0010 

.0001 

22,620 

200 

.0021 

.0003 

28,275 

250 

.0034 

.noa*) 

33,930 

300 

.0044 

.0006 

39,585 

350 

.0056 

.0007 

45,240 

400 

.0066 

.0009 

50,895 

450 

.0080 

.0010 

56,550 

500 

0090 

.0011 

62,205 

550 

0101 

.0013 

67,860 

600 

.0114 

.0014 

£(100-600) -2,500,000  pounds  per  square  Inch. 

600 

.0116 

.0015 

• 

73,515 

650 

.0129 

.0016 

79,170 

700 

.0140 

.0018 

84,825 

750 

.0150 

.0019 

90,480 

800 

.0166 

.0021 

96,135 

850 

.0179 

.0024 

101,790 

900 

.0191 

.0027 

107,445 

950 

.0205 

.0030 

113, 100 

1,000 

.0220 

.0032 

E (600-1 ,000)  -2.273.000  pbunds  per  square  inch. 



600 

.0146 

.0030 

600 

.0143 

.0030 



»o 
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CONOBETE   AND   MORTAB   OOLUMIVS. 

No.  1717 — Continued. 


AppUed  loads. 

In  gauged  length. 

Remarks.    ' 

Total. 

Per  square 
Incb. 

Compres- 
sion. 

Set. 

Poundt. 
124,410 
135,720 
147,030 
158,340 
169,650 

Pounds. 
1,100 
1,200 
1,300 
1,400 
1,500 

600 
600 

1,600 
1,700 
1,800 
1,900 
2,000 

600 
600 

2,100 

Inch. 
.0244 
.0271 
.0302 
.0334 
.0370 

.0105 
.0105 

.0415 
.0470 
.0519 
.0606 
.0748 

.0437 
.0433 

.1110 

Inch. 
.0036 
.0039 
.0047 
.0055 
.0055 

.0065 
.0064 

.0061 
.0102 
.0125 
.0182 
.0287 

.0285 
.0283 

Bn,000-l,500)-2,137,000   pounds    per   square 

£(1,600-2,000)"*  1,603,000    pounds    per   square 
Ultimate  strength. 

180,960 
192,270 
203,580 
214,890 
226,200 

237,510 

Opened  oblique  and  longitudinal  cracks  along  middle  of  height. 


Digitized  by  VjOOQ IC 


gle 


Digitized  by  VjOOQ IC 


iteeniorcea  witn  4  ivann  oars,  eacn    ./^x  ./^  oy  yo  .yo  lon^,  witn 
prongs  bent  toward  center  of  column  at  an  angle  of  45°  with  axis. 


/Za¥8 


Composition,  by  volimie:  Alpha  cement,  1;  sand,  2;  trap  rock 
(}''),  4.     Water,  56.7  per  cent  of  cement,  by  weight. 

Age,  set  in  air,  5  months  15  days. 

Weight  of  colimm,  total,  1,239  poimds. 

Weight  of  concrete,  1,153  pounds  =  136.3  poimds  per  cubic  foot. 

Weight  of  Kahn  bars,  86  pounds. 

Height  of  column,  95.95  inches. 

Sectional  area  of  column,  gross,  12''.48X12''.46  =  155.50  square 
inches. 

Sectional  area  of  vertical  bars,  ".74 X ".74  =  D ''.5476X4  =  2.19 
square  inches. 

Gauged  length,  50''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 

Compres- 
sion. 

Set. 

Powndi. 

Pounds. 

Inch. 

•  Inch. 

15,550 

100 

0. 

0. 

Initial  load.    Loaded  with  12,000  pounds  before 
testing. 

23,325 

150 

.0010 

0. 

31,100 

200 

.0020 

0. 

38,875 

250 

.0031 

0. 

46,650 

300 

.0041 

.0001 

54,425 

350 

.0050 

.0001 

62,200 

400 

.0061 

.0002 

60,975 

450 

.00'/2 

.0003 

77,750 

500 

.0084 

.0006 

85,525 

550 

.0095 

.0007 

93,300 

600 

.0106 

.0008 

E  (100-600) -2, 500, 000  pounds  per  square  inch. 

600 
650 

.0109 
.0119 

.0600 
.0009 

101,075 

108,850 

700 

.0130 

.0010 

116,625 

750 

.0141 

.0011 

124,400 

800 

.0155 

.0012 

132, 175 

850 

.0167 

.0013 

139,950 

900 

.0180 

.0015 

147. 725 

950 

.0190 

.0016 

155,500 

1,000 

.0204 

.0017 

E  (600-1 ,000)^2,299,000  pounds  per  square  inch. 

600 
600 

.0132 
.0133 

.0018 
.0019 

ogle 


AppllMl  U»dft. 

tn  tifcUK»l  Uirmlft. 

lUaintfkn. 

T(rt*l. 

s«t. 

PwndM. 

PtntndM. 

1.1111 

I.aon 

1,300 
1,flClt> 

.03B4 
.(JS4N 

Ami   ; 

■  WlTft 

^SSS 

l.OCD 

,rtm 
.am 

,  OfllA 

.OOSl 
.OOftI 

E   (l.aon-3,tKM»>-l,7Q0,(NI0  j^aaodM  pet  mqamsx 

^. , . .  .  t ,  ,.. ,. 

.0318 

.aiAL 

.OlrtO 

2,m 

3,3tW 

.asm 

000 

,0«el    1         .€S3t 

Ofl7,DTO 

2,3fl|> 

1 

Opened  longitudinal  and  oblique  cracks  in  lower  half  of  column. 
T[ic*rp  was  a^radual  ylf^ldinjj  uf  the  column  aftt^r  reaching  the  ultimate 
stn^ngth.  The  loads  sustained,  then  slowly  dropped  as  the  cracks 
lievoloped.  Test  discontinued  wfieu  the  load  ha<l  tiropped  to  310,000 
pnun<ls,  at  which  ti[ne  there  were  cracks  ^  feet  long,  extending  from 
the  middle  of  tlie  height  of  the  column  down  to  within  one  foot  of  the 
botttim. 


Erongs  bent  toward  center  of  column  at  an  angle  of  45°  with  axis; 
ooped  with  eleven  hoops  of  i"  wire. 


€^.  /^ 


"■// 


V^ 


-^^ 


/^//^7 


Composition,  by  volume:  Alpha  cement,  1;  sand,  2;  trap  rock 
(}''),  4.    Water,  85.1  per  cent  of  cement,  by  weight. 

A^e,  set  in  air,  5  months  11  days. 

Weight  of  colimm,  total,  1,310  pounds. 

Weight  of  concrete,  1,206  pounds  =143.4  potmds  per  cubic  foot. 

Weight  of  Kahn  bars  and  hoops,  104  pounds. 

Height  of  colimm,  95.95  inches. 

Sectional  area  of  colunm,  gross,  12''.45X12''.47  =155.25  square 
inches. 

Sectional  area  of  vertical  bars,  ''.76X''.76  =  n''.5776X4  =2.31 
square  inches. 

Gauged  length,  W. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Po«7k/.t. 

Pownds. 

IfiCh. 

IfiCh. 

15,52.'> 

1 

100 

0. 

0. 

Initial  load.    Loaded  with  12,000  pounds  before 
testing. 

23.288 

1.50 

.0020 

.0003 

31.0.50 

200 

.0041 

.0010 

38,813 

250 

.00»i4 

.0012 

46..'i75 

300 

.0085 

.0014 

54.338 

a50 

.0108 

.0020 

62.100 

400 

.0128 

.0022 

60.823 

450 

.0145 

.0024 

77. 62o 

,500 

.0165 

.0027 

8.5.388 

550 

.0185 

.0029 

93,150 

600 

.0205 

.0033 

E  (100-600)- 1,453,000  pounds  per  square  Inch. 

600 
650 

.0208 
.0226 

.0035 
.0038 

100,913 

108,«)75 

700 

.0246 

.0040 

116,438 

750 

.0264 

.0044 

124,200 

800 

.0285 

.0046 

131,963 

850 

.0311 

.0051 

139. 72.5 

900 

.0331 

.Oa55 

147,488 

950 

.03.56 

.0059 

156,250 

1,000 

.0373 

.0063 

E  (60O-l,000)-l,449,000pound8per square  Inch. 

600 
600 

.0276 
.0274 

.0063 
.0063 

% 
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OONORETE  AND  MORTAR  COLUMNS. 

No.  1712— Continued. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Persqaare 
indi. 

Compres- 
sion. 

Set. 

Poundt. 
170,776 
186,300 
201,825 
217,350 
232,876 

Pounds. 
1,100 
1,200 
1,300 
1,400 
1,500 

600 
600 

200 
300 
400 
500 

600 
700 
800 
900 
1,000 
900 
800 
700 
600 
500 
400 
300 
200 

1,600 
1,700 
1,800 

600 
600 

1,800 

Inch. 
.0420 
.0470 
.0526 
.0588 
.0683 

.0440 
.0440 

.0267 
.0311 
.0961 
.0402 
.0439 
.0472 
.0604 
.0534 
.0561 
.0642 

Inch. 
.0072 
.0061 
.0104 
.0131 
.0195 

.0196 
.0196 

E  (1,000-1,500)- 1,404,000  pounds  per  square 
Inch. 

Minute  cracks  visible. 

LfOngttudlnal  and  oblique  cracks  opened  in 
lower  2  feet  of  length  of  column. 

Ultimate  strength. 

.0519  • 

.0493 

.0464 

.0429 

.0387 

.0338 

.0273 

.0669 
.1100 
.lo70 

.1019 
.1015 

. .  -• 

.0202 

.0358 
.0556 
.0800 

.0600 
.0600 

248,400 
263,925 
279,450 

279,450 

Sustained  1,800  pounds  per  square  inch  on  its  second  application 
for  an  interval  of  about  two  minutes,  during  which  time  the  dis- 
integration of  the  concrete  went  on.  The  principal  disintegration 
occurred  in  a  section  1  foot  long,  and  at  a  distance  of  1  foot  from  the 
lower  end  of  the  colunm.  The  deformation  of  the  column  was  con- 
tinued imder  reduced  loads.  The  Kahn  bars  at  the  close  of  the  test 
were  foimd  buckled  outward,  between  two  of  the  encircling  f* 
steel  hoops. 
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jleenrorcea  witn4  ivann  oars,  eacn  "./ox  ./o  Dy  yo'.yo  long,  witn 

Erongs  bent  toward  center  of  cohimn  at  an  angle  of  90®  to  axis; 
ooped  with  eleven  hobps  of  f '^  wire. 


/Z.^7 


Composition,  by  volume:  Alpha  cement,  1;  sand,  2;  trap  rock  (f), 
4.     Water,  68  per  cent  of  cement,  by  weight. 

Age,  set  in  air,  5  months  11  days. 

Weight  of  column,  total,  1,319  poimds. 

Weight  of  concrete,  1,216  pounds  =  144.6  poimds  per  cubic  foot. 

Weight  of  Kahn  bars  and  noops,  103  pounds. 

Hei^t  of  column,  95.95  inches. 

Sectional  area  of  column,  gross,  12''.47  X  12^^.45  =  155.25  square 
inches. 

Sectional  area  of  vertical  bars,  ^76  X^76=  0^.5776  X 4  =  2.31 
square  inches. 

.Gauged  length,  50^^. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

15,52,5 

100 

0. 

0. 

Initial  load.    Loaded  with  12.000  pounds  be- 
fore testing. 

23,288 

150 

.0015 

.0002 

31,050 

200 

.0029 

.noa5 

38,813 

250 

.0042 

.0008 

46,575 

300 

.0056 

.0009 

54,338 

350 

.0071 

.0010 

62,100 

400 

.0084 

.0011 

69,823 

450 

.0098 

.0012 

77,625 

500 

.0112 

.0014 

85,388 

550 

.0127 

.0016 

93,150 

600 

.0141 

.0018 

E  (100-600)  =2.033,000  pounds  per  square  Inch. 

600 
650 

.0141 
.0154 

.0018 
.0020 

100,913 

108,675 

700 

.0168 

.0021 

116,438 

750 

.0182 

.0023 

124,200 

800 

.0195 

.0024 

131,963 

850 

.0211 

.0026 

, 

139,725 

900 

.0225 

.0029 

147,488 

950 

.0239 

156,250 

1,000 

.0252 

.0033 

£  (600-1,000)  -  2,083.000  pounds  per  square  Inch. 
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CONCRETE  AND  MOBTAB  COLUMNS. 

No.  1713 — Continued. 


Applied  loads. 


In  gauged  length. 


Total. 


POttflUJ*. 


170,775 
186,300 
201,825 
217,350 
232,875 


820,026 
341,550 
367,075 

372,  eoo 

388,125 
394,000 


Per  Moare    Comprea- 
Inch.  tflon. 


248,400 
283,925 
279,460 
294,975 
310,500 


Pound9. 
600 
600 

1,100 
1,200 
1,300 
1,400 
1,500 

eoo 
eoo 

i,eoo 

1,700 
1,800 
1,900 
2,000 

eoo 

600 

2,100 
2,200 
2,300 
2,400 
2,500 
2,538 


Inch. 
.0174 
.0175 

.0283 
.0314 
.0349 
.0390 
.0422 

.0235 
.0234 


Rcmarkar 


Set. 


Inch. 
.0032 
.0032 

.0036 
.0030 
.0048 
.0050 
.0066 

.0066 
.0063 


E  (1,000-1.500)- 1,812,000  pounds  per  square  Inch. 


I 


.0460  j  .0080    ' 

.0520  '  .0101 

.0570  ,  .0120 

.0660  I  .0190 

.0740  .0248       £(1,500-2.000)  =1.852.000  pounds  per  square  inch 


.0425 
.0424 

.0850 
.0984 
.1126 
.1330 
.1575 


.0249 
.0246 

.0338 
.0434 
.0547 
.0720 
.0917 


E  (2,000-2,500) «-  1,506,000  pounds  per  square  inch. 
Ultimate  strength. 


Opened  longitudinal  and  oblique  cracks  in  a  section  2  J  feet  long, 
located  about  2  feet  from  the  upper  end  of  the  column.  The  principal 
crack  took  a  zigzag,  oblique  course  across  the  colunm  2  feet  long. 
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Reenforced  with  4  Kahn  bars,  each  ''.76  X'^.TG  by  QS'^.QS  long,  with 
prongs  bent  toward  center  of  column  at  an  angle  of  90®  to  axis. 


Composition,  by  volume:  Alpha  cement,  1;  sand,  2;  trap  rock  (}''), 
4;  water,  79.4  per  cent  of  cement,  by  weight. 

Age,  set  in  au*,  5  months  10  days. 

Weight  of  colimm,  total,  1,304  pounds. 

Weight  of  concrete,  1,219  pounds  =  143.8  pounds  per  cubic  foot. 

Weight  of  Kahn  bars,  85  pounds. 

Height  of  column,  95.95  inches. 

Sectional  area  of  column,  gross,  12''.49  X  12''.48  =  155.88  square 
inches. 

Sectional  area  of  vertical  bars,  ''.76  X''.76=  n''.5776  X4  =  2.31 
square  inches. 

Gauged  length,  50''. 


Applied  loads. 

In  gauged  length. 

Remarks 

Total. 

Per  square 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

15,588 

100 

0. 

0. 

Initial  load.    Loaded  with  11.000  pounds  be- 
fore testing. 

23,382 

150 

.0011 

0. 

31, 176 

200 

.0024 

.0003 

38,970 

250 

.0039 

.0005 

46,764 

300 

.0051 

.0006 

54,558 

350 

.0063 

.0007 

62,352 

400 

.0076 

.0009 

70,146 

450 

.0090 

.0011 

77,940 

500 

.0103 

.0013 

85,734 

550 

.0116 

.0016 

93,528 

600 

.0130 

.0016 

E  (100-600) -2.193,000  pounds  per  sqtkare  inch. 

1 

600 
650 

.0133 
.0144 

.0017 
.0018 

1 

101,322 

109, 116 

700 

.0158 

.0019 

116,910 

750 

.0172 

.0021 

124,704 

800 

.0185 

.0023 

132,498 

850 

.0203 

.0027 

140,292 

900 

.0217 

.0029 

148,086 

950 

.0232 

.0031 

155,880 

1,000 

.0249 

.0033 

E  (60O-1.00O)  -  l,961.000pound8  per  square  inch. 

600 
600 

.0167 
.0169 

.0034 
.0033 

Applifxl  I1141I11. 

Id  g^qgeil  liiixgthr 

TotAl. 

Caropmi- 
■kriL 

a^^ 

Uemnrkv. 

PmtmU, 
171, 46§ 

as,«9o 

Pomwdt. 

1,100 

if  3m 

l.SOQ 

t;eoo 

.0^70 

ai»4if 

.0496 

.OOSfT 
0044 

.«07n 

.oioa 
.0101 

.013ft 
.0106 

.09m 

E    (ljQO0-1JS0O)-l,7MMX»  poundfl   per  K^amt^ 
Ulnuto  Diaeki  3  iatit  tram  l&mm  end. 

tnUmAlf!  JltFCDgth. 

l,SOO 

L.tno 

1,700 
1.900 

flN» 

.0OT7 
.OOTfi 

.0031 
.0633 
.0725 

2«,40§ 

2HD,W4 
306,173 

Opened  oblique  and  longitudinal  cracks  in  a  section  2  feet  long, 
located  9*  from  tbt?  lower  end  of  the  eolumB. 


iteeniorcea  witn  4  iruscon   oars,  eacn  './d  aiameter   oy  yo  .lu 
long,  embraced  by  eleven  hoops  of  f '^  wire. 


/e,'A9 


Composition,  by  volume:  Alpha  cement,  1;  sand,  2;  trap  rock 
d"),  4.     Water,  79.4  per  cent  of  cement,  by  weight. 

Age,  set  in  air,  5  months  10  days. 

Weight  of  colmnn,  total,  1,310  poimds. 

Weight  of  concrete,  1,240.75  poimds  =  145.8  poimds  per  cubic  foot. 

Weight  of  Truscon  bars  and  hoops,  69  J  pounds. 

Hei^t  of  column,  96.10  inches. 

Sectional  area  of  column,  gross,  12''.45X12''.49=  155.50  square 
inches. 

Sectional  area  of  vertical  bars,  total,  1.81  square  inches. 

Gauged  length,  50^^. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

16.550 

100 

0. 

0. 

Initlalload.    Loaded  with  9,000 pounds  before 
testing. 

23,325 

150 

.0008 

0. 

31.100 

200 

.0016 

0. 

38,875 

260 

.0024 

.0001 

46,650 

300 

.0035 

.0003 

54.425 

360 

.0046 

.0005 

62,200 

400 

.0056 

.0005 

69.975 

460 

.0066 

.0006 

77,760 

600 

.0079 

.0010 

85.525 

550 

.0091 

.0011 

93,300 

600 

.0102 

.0012 

E  (100-400)  -2,778,000  pounds  per  square  Inch. 

600 
650 

.0103 
.0118 

.0013 
.0016 

101,075 

108,860 

700 

.0129 

.0017 

116,625 

750 

.0141 

.0020 

124,400 

800 

.0165 

.0022 

132, 175 

850 

.0169 

.0026 

139,960 

900 

.0184 

.0028 

147.725 

950 

.0196 

.0031 

Rested  under  initial  load  1  hour. 

155.500 

1,000 

.0207 

.0030 

E  (600-1,000)  -2,299.000  pounds  per  square  inch. 

600 
600 

.0140 
.0140 

.0030 
.0080 
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OONOBETE  AND  MOBTAB  OOLUMNS. 

No.  1715 — Continued. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
iDch. 

Compres- 
sion. 

Set. 

Pouwh. 
171,060 
186,600 
202,150 
217,700 
233,250 

Pornidt, 
1,100 
1,200 
1,300 
1,400 
1,600 

600 
600 

1,600 
1,700 
1800 
1,900 
2,000 

600 
600 

2,100 
2,200 
2,300 

2,363 

Inch. 
.0230 
.0267 
.0301 
.0338 
.0373 

.0202 
.0201 

.0410 
.0468 
.0604 
.0566 
.0618 

.0313 
.0310 

.0008 
.0816 
.0980 

Indi. 
.0038 
.0043 
.0060 
.0060 
.0068 

.0068 
.0067 

.0076 
.0087 
.0096 
.0116 
.0130 

.0129 
.0126 

.0175 
.0245 
.0370 

E  (1,000-1,600)  - 1,063,000  poands  per  square  inch. 

E  (1,600-2,000)  -1,366,000 pounds  per  square  inch. 

Cracks  at  comer,  26  inches  from  lower  end  of 

column. 
Ultimate  strength. 

248,800 
264,350 
279,900 
296.450 
311,000 

326,550 
342>100 
357,650 

367,500 

Opened  oblique  and  longitudinal  cracks  in  a  section  2  feet  long, 
located  18  inches  from  the  lower  end  of  the  column. 
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riain  column,  witnout  reeniorcing  oars. 


Composition,  by  volume:  Alpha  cement,  1;  sand  (lO-mesh  sieve), 
3;  trap  rock  (f  to  li''),  6. 
Age,  set  in  air,  5  months  5  days. 
Weight  of  column,  total,  922  pounds. 

Weight  of  concrete,  922  pounds  =  146.1  pounds  per  cubic  foot. 
Height  of  colunm,  96.12  inches. 
Diameter  of  column,  12.02  inches. 
Sectional  area  of  column,  113.47  square  inches. 
Gauged  length,  50''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Comprea- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

11,347 

100 

0. 

0. 

Initial  load.    Loaded  wltti  9,000  pounds  before 
testing. 

17,021 

160 

.0006 

0. 

22,694 

200 

.0014 

.0002 

28,368 

260 

.0023 

.0004 

34,041 

300 

.0032 

.0006 

38,715 

360 

.0042 

.0007 

45,388 

400 

.0054 

.0010 

61,062 

450 

.0066 

.0016 

66,735 

600 

.0079 

.0019 

62,409 

560 

.0091 

.0022 

68,062 

600 

.0107 

.0028 

E  (100-600)  —3,165,000  pounds  per  square  inch. 

600 

.0109 

.0030 

79,429 

700 

.0132 

.0036 

90,776 

800 

.0162 

.0047 

102,123 

900 

.0193 

.0066 

113,470 

1,000 

.0228 

.0070 

E  (600-1,000)— 2,532,000  pounds  per  square  Inch. 

600 

.0169 

.0070 

600 

.0160 

.0070 

124,817 

1,100 

.0269 

.0086 

136, 164 

1,200 

.0320 

.0107 

600 
600 

1,300 

.0206 
.0206 

.0381 

.0106 
.0106 

.0141 

147,611 

600 
600 

.0247 
.0246 

.0141 
.0141 

158,858 

1,400 

.0480 

.0200 

600 
600 

.0314 
.0311 

.0197 
.0197 

164,100 

1,446 

Ultimate  strength. 

Failed  at  a  place  28  inches  from  upper  end  of  column. 
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OONOBBTE   AND   HOBTAB   00LUHN8. 
No.  1706. 


1:3:6  Mixture. 

Plain  column,  without  reenforcing  bars. 


Composition,  by  volume:  Alpha  cement,  1 ;  sand  (10  mesh  sieve),  3; 
pebbles,  (i'^  to  IJ'),  6.     Water,  78.8  per  cent  of  cement,  by  weight. 
Age,  set  in  air,  5  months  3  days. 
Weight  of  column,  total,  808  pounds. 

Weight  of  concrete,  808  pounds  =  128  pounds  per  cubic  foot. 
Hei^t  of  colunm,  96.06  inches. 
Diameter  of  column,  12.02  inches. 
Sectional  area  of  column,  113.47  square  inches. 
Gauged  length,  50''. 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
Bion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

11,347 

100 

0. 

0. 

Initial  load.    Loaded  with  6,000  pounds  befon 
testing. 

17,021 

160 

.0006 

a 

22,694 

200 

.0016 

.0001 

28,368 

260 

.0026 

.0003 

34,041 

300 

.0036 

.0006 

, 

39,715 

360 

.0046 

.0007 

46,388 

400 

.0068 

.0009 

51,062 

460 

.0071 

.0012 

66,736 

600 

.0084 

.0016 

62,409 

650 

.0098 

.0019 

68,082 

600 

.0113 

.0024 

E  (100-600) -2,809,000  pounds  per  square  Inch. 

600 
700 

.0116 
.0140 

.0026 
.0033 

79,429 

90,776 

800 

.0176 

.0043 

102,123 

900 

.0206 

.0052 

113, 470 

1,000 

.0242 

.0067 

E  (600-1,000) -i2,326,000  pounds  per  square  Inch. 

600 
600 

1,100 

.0168 
.0167 

.0288 

.0087 
.0087 

.0086 

124,817 

136,164 

1,200 

.0341 

.0113 

600 
600 

1,260 

.0224 
.0223 

.0111 
.0111 

Ultimate  strength. 

143,000 

Failed  at  a  place  18  inches  from  lower  end  of  column. 
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J.  laill  i^UltUlllly    WlUllUUI;  ICOlllUl^lU^    UCM13. 


Composition,  by  volume:  Alpha  cement,  1;  sand  (10  mesh  sieve), 
3;  cinders,  6. 
A^e,  set  in  air,  5  months. 
Weight  of  column,  total,  638  pounds. 

Weight  of  concrete,  638  i)oimds=  101.4  pounds  per  cubic  foot. 
Hei^t  of  column,  96.12  inches. 
Diameter  of  column,  12  inches. 
Sectional  area  of  column,  113.10  square  inches. 
Gauged  length,  SO''. 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Persauare 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
11,310 

16,965 
22,620 
28,275 
33,030 
30,585 
45,240 
50,805 
66,550 
62,205 
67,860 

Pounds. 
100 

150 
200 
250 
300 

350 
400 
450 
500 
550 
600 

600 

606 

Inch. 
0. 

.0022 
.0045 
.0073 
.0103 
.0133 
.0168 
.0200 
.0237 
.0272 
.0316 

.0322 

Inch. 
0. 

.0002 
.0007 
.0011 
.0017 
.0023 
.0032 
.0038 
.0048 
.0055 
.0067 

.0075 

Initial  load.    Loaded  with  7,000  pounds  before 
testing. 

E  (100-600) -1,004,000  pounds  per  squara  inch. 
Ultimate  strength. 

78,900 

Failed  at  upper  end  of  colimm.     The  concrete  in  this  vicinity  had 
been  patched  with  cement  mortar  to  fill  some  voids. 
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DIAGRAMS  ILLUSTRATING  FEATURES  OF  THE  TESTS 
OF  CONCRETE  AND  MORTAR  COLUMNS. 


PREPARED  FROM  RESULTS. IN  THE  PRESENT  VOLUME, 
AND  FROM  TESTS  OF  METALS,  1904  AND  1905. 


COLUMNS  8  FEET  fflGH. 
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542      DIAGRAMS  OF  TESTS  OF  CONCRETE  AND  MORTAR  COLUMKS. 

Diagram  No.  1. 
compressive  strength  op  plain  and  reenfobced  mortar 

COLUMNS. 

The  reenforcement  consisted  of  twisted  steel  bars,  the  percentage 
of  metal  being  from  2.85  to  4.63  per  cent,  the  darker  shaded  portions 
of  the  diagram  indicating  the  relative  amounts. 

The  test  numbers  and  locations  of  detailed  results  are  as  follows: 


Composition. 


Number 
of  teat. 


Date  of 
report. 


Pa««. 


1  :1  plain 

1  :  2  plain 

1  :  3  plain 

1  :  4  plain 

1  :  5  plain 

1  : 2  reSnforced 
1  : 3  reSnloroed 
1  :  4  reSnioTced 
1  : 5  refinforoed 
1  : 5  refinioiced 


1618 
1682 
1681 
1679 
1687 

1673 
1690 
1691 
1688 
1689 


1904 
1905 
1905 
1905 
1905 

1905 
1905 
1905 
1905 
1905 


305 
308 
314 

316 
318 
322 
326 
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544     diagrams  of  tests  of  concrete  akd  mortar  columns. 

Diagram  No.  2. 


COliPRESSiyE    STRENGTH    OF    PLAIN    AND     REENFORCED     MORTAR 
COLUMNS  AND  CORRESPONDING  CONCRETES. 

The  reenforcement  consisted  oi  hoops  and  angle  bars,  the  latter 


extending  longitudinally  from  end  to  end  of  column. 
The  test  numbers  and  b 


[  locations  of  the  detailed  results  are  as  follows: 


Compoaitlon. 


1  : 1  plain 

1  : 1  reSnforoed... 
1:1:2  rB&nforoed 

1  :4plalii 

1  : 4  re&iforoed... 
1:4:8  rB&nforoed 


Number 
of  test. 

Date  of 
report. 

P«ge. 

1734 
1786 
1790 

1906 
1906 
1906 

473 
476 
479 

1736 
1737 
1733 

1906 
1906 
1906 

483 
4S4 

486 
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646      DIAGBAMS  OF  TESTS  OF  GONOBETE  AND  MOBTAB  COLUMNS. 

DiAOBAM  No.  3. 

OOMPBESSIVE  STBENOTH  OF  CONCBETE  COLUMNS,  PLAIN  AND  BEEN- 
FOBCED  WITH  HOOPS;  AND  WITH  HOOPS  AND  ANGLE  BABS. 

The  progressive  gain  in  ultimate  strength  by  increasing  the  niun- 
ber  of  hoops  and  by  the  addition  of  the  longitudinal  angle  bars  to  a 
given  numoer  of  hoops  is  shown. 

The  test  numbers  and  locations  of  the  detailed  results  are  as 
follows: 


Composition. 


4  plain 

4  reinforced  witli  13  hoops 

4  reinforced  with  13  hoops  and  4  angles 

4  reenforced  with  25  hoops 

4  reinforced  with  25  hoops  and  4  angles 
4  reSnforoed  with  47  hoops 


Number 

Date  of 

p.*. 

of  test. 

xeport. 

1731 

1906 

489 

1740 

1906 

490 

1738 

1906 

497 

1741 

1906 

492 

1726 

1906 

501 

1739 

1906 

494 
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548      DIAGBAMS  OP  TESTS  OF  COIfCBBTE  AND  MOBTAB  COLUMNS. 

DiAGBAM   No.  4. 

OOMFBESSIYE  STBENGTH  OF  MOBTAB  AND  CX>NOBETE  OOLUMNS,  PLAIN 
AND  BEENFOBOED  WITH  LONGITUDINAL  BABS  OF  TWISTED  STEEL, 
AND   WITH   HOOPS   AND   ANGLE   BABS. 

The  test  numbers  and  locations  of  the  detailed  results  are   as 
follows: 


Compoaitlon. 


Number 
of  test. 


Date  of 
report. 


Page. 


1  :1  plain 

1  :1  :2plaln 

1  :  2  reSnforoed  with  8  f*  bare 

1  :  5  re8nforced  with  13  i"  bars 

1:2:4  reSnforoed  with  25  hoops  and  4  angles 
1:3:6  reinforced  with  25  hoops  and  4  angles 
1:4:8  refinforoed  with  25  hoops  and  4  angles 


1618 
1656 

1673 
1680 
1726 
1727 
1733 


1004 
1905 

1005 
1905 
1906 
1906 
1906 


348 
381 

316 
329 
501 
513 
486 
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Original  value  of  E. 1,  220, 000 

After  a  load  of  1,000  pounds 899,000 

After  a  load  of  1,500  pounds 801, 000 

After  a  load  of  2,000  pounds 912,000 


NO.  1743, 1:3:  6  CONCRETE,  CINDER;  25  HOOPS. 


Original  value  of  E 

After  a  load  of  850  pounds  ._ 
After  a  load  of  1,000  pounds. 


Pounds  per  square  inch. 

702,000 

638,000 

426,000 
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STEEL  BARS  USED  IN  CONCRETE  CONSTRUCTION. 
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H: 
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Projecting  wings  sheared  off;  two  samples  used. 


No.  of 
sample. 


Shearing  planes. 


Shearing 


Shearing  strength. 


Total. 


Per 
square 
inch. 


1  ".55  by  ".15  bv  2. 

2  ".55  by  ".15  by  2. 


8q.  inch.    Pound*. 
.165  7,420 

.165    ,      7,340 


Pound*, 
44,970 
44,480 


H.  Doc.  26,  5^2 36 


jle 


562 


steel  bars  used  in  conorete  consteuction. 
Tensile  Test,  Bab  No.  7. 


Wings  removed  and  body  of  bar  tested. 
Dimensions,  ".52  by  ''.52. 
Sectional  area,  .27  square  inch. 
Gauged  length,  lO'^. 


Applied  loads. 

Elonga- 
tion. 

Set. 

Ham^rlriL. 

Total. 

Per 

Bquare 

Inch. 

Pound*. 
9,400 
10,200 
10,800 
12,150 
13,500 
14,850 
10,200 
17,650 
18,900 
19,400 
0 

Pounds. 
H820 
38,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
71,850 
0 

Inch. 

Inch. 

Elastio  limit. 

.03 

.03+ 

.09 

.19 

.28 

.37 

.51 

.77 

• 

Tensile  strength. 

=8.8  per  cent  elongation. 

.88 

Elongation  of  inch  sections:  ''.07,  ''.07,  ".07,  ".09,  ".09,  ".10,  ".09, 
".09,  ".09,  ".12. 

Area  at  fracture,  ".47  by  ".48=.23  square  inch. 

Contraction  of  area,  14.8  per  cent. 

Appearance  of  fracture,  silky,  oblique.  Fractured  outside  the 
gauged  length. 
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JOINTS  IN  STEEL  BARS  FOR  CONCRETE 
CONSTRUCTION. 


STEEL  BARS,  OVERLAPPED,  IMBEDDED  IN  PRISMS  OF 

CONCRETE,  AND  CLAMPED  TOGETHER 

WITH  WIRE  ROPE  CLIPS; 

ALSO  BARS,  NOT  IMBEDDED,  CLAMPED  TOGETHER. 


Material  furnished  by  the  Aberthaw  Construction  Company. 
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570  j(m:nt8  in  steel  bars  fob  concrete  construction. 

Behavior  of  Bars  under  Tests. 

1.  Elongated  under  17,000  pounds  tension  from  ^^.09  to  ^M8.    Cracks  opened  at 

south  end  of  concrete  blocks.  Under  18,000  pounds  cracks  opened  at  the  end 
of  concrete.  Ultimate  strength,  28,800  pounds  tension.  Clips  with  short  liners. 
Iw.  At  14,300  pounds  tension  rapid  yielding  occurred.  At  this  tune  the  elongation 
increased  to  ^'.17  and  a  crack  developed  at  one  end.  Crack  developed  at  the 
other  end  under  18,000  pounds  tension.     Short  liner  clips. 

2.  Rapid  yielding  and  cracks  developed  at  39,000  pounds  tension.    The  elongation 

increased  from  ^^.18  to  ^^.30  while  under  this  load.  The  maximum  resistance 
was  reached  at  83,000  pounds,  at  which  time  the  elongation  had  reached  a  total 
of  3^^.90.  The  larger  part  of  the  concrete  fell  from  the  rods  immediately  preced- 
ing the  maximum  load,  the  wire-rope  clips  and  the  twisted-steel  wrapping  of 
the  core  assumed  an  oblique  position  as  the  steel  bars  were  pulled  along.  Short 
liner  clips. 

2w.  Cracks  developed  at  41,000  pounds  tension.  Yielding  at  41^000  pounds,  which 
became  very  pronounced  at  43,000  pounds.  At  47,000  pounds  transverse 
cracks  in  three  places,  one  about  V  from  each  end  and  one  18^'  from  end  of 
concrete.     Short  liner  clips. 

3w.  Elongated  ^'.99  at  time  maximum  load  was  reached. 
5.  Elongation  of  specimen  was  V\^  at  the  time  of  reaching  the  maximum  resistance. 

5w.  Rapid  yielding  occurred  at  19,000  pounds. 

6w.  The  twisted  bars  slipped  under  the  clips  as  the  tension  on  them  was  increased. 
The  maximum  losid  was  attained  at  tne  time  the  clips  at  one  end  reached  the 
end  of  the  bar. 

8.  Scale  started  off  one  bar  at  26,000  pounds  tension.    At  30,000  pounds  tension  the 

other  bar  stretched  rapidly.  At  31,000  pounds  tension  the  bars  had  drawn  from 
the  concrete  \\^'  ancf  \V'  respectively,  as  shown  at  the  ends  of  the  concrete 
prism.  At  31,800  pounds  tension  cracks  first  became  visible  in  the  concrete. 
Test  discontinued  at  39,500  pounds,  at  which  time  the  elongation  was  14^'.  12. 
8w.  At  26,000  pounds  tension  cracks  developed  in  concrete  and  bars  were  drawn  from 
the  concrete  at  each  end.  Elongation  increased  from  1^^.69  to  1^''.90  under  load 
below  the  maximum. 

9.  At  13,200  pounds  tension  rapid  yielding.    Elongation  from  ^^.05  to  '^.18  under 

this  load.    Three  cracks  developed  at  one  end  at  25,000  pounds  tension.    Other 
end  cracked  at  27 ,000  pounds  tension. 
10.  At  39,000  pounds  tension  crack  at  one  end.     Rapid  yielding  at  58,800  pounds. 
Elongation  now  ''''.41.    Transverse  crack  at  middle  of  length  of  concrete  at 
60^000  pounds. 

13.  Rapid  yielding  at  27,600  pounds,  opening  cracks  in  concrete.    Ultimate  resist- 

ance reached  at  38,200  pounds.  The  concrete  outside  of  the  wire  wrapping 
was  detached  and  fell  of!  in  pieces. 

14.  A  change  in  the  rate  of  elongation  occurred  at  53,000  pounds  tension,  at  first 

being  eradual.  At  57,000  ix)unds  a  more  rapid  rate  was  inaugurated,  which 
thereafter  continued. 

16.  At  32,800  pounds  tension  the  bars  be^n  to  scale,  the  elongation  then  being  ^^.71, 

which  increased  to  1^''.02  under  this  load.  At  34,000  pounds  tension  one  bar 
pulled  from  the  concrete  about  J^^,  measured  at  the  ena  face  of  the  prism.  At 
35,800  pounds  the  elongation  was  3''''.  77,  when  the  resistance  dropped  and 
further  elongation  occurred  under  reduced  load. 

17.  Cracks  at  37,000  pounds.    Elongation  increased  in  five  minutes  from  '^.17  to  'M9. 

Clips  with  long  liners. 

19.  Rapid  yieldii^  and  ultimate  resistance  was  reached  at  31,000  pounds  tension. 

20.  Scale  starts  on  one  bar  at  27,000  pounds  tension.     Test  discontinued  when  the 

elongation  had  reached  4'''^.98  pounds,  the  tension  on  the  specimen  then  being 
35,000  pounds. 

21.  The  rod  at  one  end  of  this  specimen  was  bent  before  testing.    It  was  partially 

straightened  by  means  of  a  sledge.  Rapid  yielding  and  crack  developed  at 
30^000  pounds. 

22.  Rapid  yielding  at  29,000  pounds.    Cracks  developed  at  34,000  pounds.  Maximum 

load  35,800  pounds.  The  load  fell  and  elongation  of  the  rods  continued  under 
21,000  pounds,  reaching  a  total  movement  of  1'^^.05. 

23.  Change  in  rate  of  elongation  at  36,000  pounds  tension.    Cracks  developed  at 

44,000  pounds  tension.  Elastic  limit  of  \y  bars  reached  at  72,000  pounds 
total  tension. 

24.  Scale  starts  off  bars  at  68,000  pounds  tension.    One  clip  fractured  at  72,000'pounds 

tension  on  the  rods. 
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\jTO&oy  wire-rope  ciipe.  i^uus  Bei  up  wiiu  oo-iiiuu  wreucu.  xvapiu  vieAuing  aL 
57,000  pounds  tenfiion.  At  74,000  pounds  further  scaling  of  the  rods  went  on. 
These  rods  were  used  in  a  previous  test  and  were  partially  scaled  at  that  time. 
Fractured  second  clip  at  106,400  pounds  tension. 

27.  After  the  first  slip  at  16,900  pounds  tension  the  bars  continued  in  their  slipping 

movement  under  reduced  loads  until  the  U-shaped  loops  had  moved  over  and 
rested  against  the  sides  of  the  casting,  which  formed  the  other  part  of  the  clip. 
A  movement  of  ''''.27  occurred  in  doin^  this,  after  which  there  was  increased 
resistance  against  further  slipping.  When  the  load  had  advanced  to  23,000 
pounds  one  of  the  clip  castings  fractured  across  at  the  bolt  holes. 
In  the  latter  stages  of  the  test  the  remaining  clip  held  the  bars  against  a  pull  of 
26,600  pounds.  The  fractured  casting  was  made  of  cast  iron.  The  second  clip, 
in  which  a  crack  was  developed,  was  made  of  malleable  iron. 

28.  Immediately  after  the  first  slipping  of  the  bars  occurred  the  loop  of  the  middle 

clip  fractured  at  the  middle  of  the  bend.  The  temporary  reduction  in  resist- 
ance allowed  the  load  to  fall  to  about  21,000  pounds  after  first  slip.  Prom  this 
minimum  the  resistance  rose  to  37,000  pounds  when  one  of  the  outside  clips  of 
the  three  fractured  in  the  casting.  There  was,  however,  a  further  increase  in 
resistance,  which  reached  a  maxmium  of  44,300  pounds  tension,  at  which  time 
the  total  slipping  of  the  bars  was  Z^\ 


le 
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STEEL  BARS  FOR  LONG-CONTINUED  LOADS 
ON  CONCRETE  COLUMNS. 


OBSERVATIONS  ON  THE  ELONGATIONS  OF  BARS  FOR 

APPLYING  LONG-CONTINUED  LOADS  TO 

CONCRETE  COLUMNS. 
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BRICK    PIERS. 


No.  1694. 

12"  FACE  BRICK  PIER. 

Wire-cut  bricks. 

Built  of  37  courses  of  brick,  with  hollow  core. 

Laid  in  cement  mortar — 1  part  Alpha  cement  and  5  parts  sand. 

;e,  8  months  20  days. 

eight,  918  pounds  =  136  pounds  per  cubic  foot. 
Height  of  pier,  96.30  inches. 

Outside  dimensions,  ll''.89Xll''.90  =  141.49  square  inches. 
Core,  4''.50  X  4.52''  =  20.34  square  inches. 
Net  sectional  area,  121.15  square  inches. 
Average  thickness  of  joints,  ''.SO. 
Gauged  length,  50^^. 


Applied 

I  loads. 

111  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 
Inch. 

Pounds. 

Pounds. 

Inch. 

12,115 

100 

0. 

0. 

Initial  load.    Loaded  with  8,000  pounds  before 
testing. 

18,173 

150 

.0008 

.0001 

24,290 

200 

.0018 

.0002 

30,288 

260 

.0025 

.0002 

36,345 

300 

.00.35 

.0002 

42,403 

350 

.0044 

.0003 

48,460 

400 

.0054 

.0003 

54,518 

450 

.0065 

.0004 

60,575 

500 

.0074 

.0006 

66,633 

550 

.0086 

.0006 

72,600 

600 

.0094 

.0005 

E  (100-600) »2,809,000  pounds  per  square  inch. 

600 
700 

.0096 
.0116 

.0006 
.0006 

84,805 

96,1120 

800 

.0138 

.0008 

109,036 

900 

.0158 

.0010 

121,150 

1,000 

.0181 

.0011 

E  (600-1,000) -2.469,000  pounds  per  square  Inch. 

600 
600 

1,100 

.0104 
.0104 

.0203 

.0011 
.0011 

.0013 

133.266 

145,380 

1,200 

.0227 

.0015 

157.495 

1,300 

.0249 

.0016 

169,610 

1,400 

.0274 

.0019 

181,725 

1,500 

.0298 

.0021 

600 
600 

1,600 

.0119 
.0119 

.0324 

.0020 
.0020 

.0024 

193,840 

205,956 

1,700 

.0348 

.0026 

218,070 

1,800 

.0374 

.0029 

230.185 

1,900 

.0400 

.0032 

j 

242,300 

2,000 

.0426 

.0035 

£  (1,000-2,000) -2,262,000  pounds  per  square  inch.  | 

600 
600 

2,100 

.0140 
.0140 

.0454 

.0033 
.0034 

.0038 

1 

1 

254. 415 

aV6. 530 

2,200 

.0483 

.0043 

278,645 

2.300 

.0514 

.0044 

290.760 

2,400 

.0543 

.0050 

302,875 

2,600 

.0572 

.0054 
.0046 

Set  after  rest  of  }  hour. 

600 
600 

.0169 
.0169 

.0047 
.0046 
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Applied  loads. 

In  gauged  length. 

Total. 

Per  sauarc 
inch. 

Compres- 
sion. 

Remarks. 
Set.        , 

Pounds. 
314,990 
327,105 

Pounds. 
2,600 
2,700 
2,800 
2,900 
3,000 

000 
600 

Inch. 
.0603 
.0637 
.0663 
.0705 
.0770 

.0223 
.0222 

Inch. 
.0055 

339,220 

' 

361,335 
303,450 

.0074    , 

.0093    1  Ultimate  strength. 

.0091 
.0091 

Developed  longitudinal  cracks  along  middle  part  of  pier.  The 
maximum  stress  was  not  again  reachea  after  applying  3,000  pounds 
load  and  releasing. 
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BRICK    PIERS. 


No.  1695. 

12"  FACE  BRICK  PIER. 

Dry-pressed  bricks. 

Built  of  38  courses  of  brick,  with  hollow  core. 

Laid  in  cement  mortar — 1  part  Alpha  cement  and  5  parts  sand. 

Age,  8  months  21  days. 

Weight,  916  pounds  =136.9  pounds  per  cubic  foot. 

Height  of  pier,  95.65  inches. 

Outside  dimensions,  ll''.83X  11^81  =  139.71  square  inches. 

Core,  4''.35  X  4".35  =  18.92  square  inches. 

'Net  sectional  area,  120.79  square  inches. 

Average  thickness  of  joints,  ''.30. 

Gauged  length,  50''. 


Applied  loads. 

Id  gauged  longtb. 

Remarks. 

Total. 

Per  square 
Inch. 

Pound*. 

Compres- 
sion. 

Set. 

Pounds. 

Inch. 

Inch. 

12,079 

100 

0. 

0. 

Initial  load, 
testing. 

Loaded  with  8,000  pounds  before 

18,119 

160 

.0010 

0. 

24,168 

200 

.0018 

0. 

30,198 

260 

.0027 

0. 

36,237 

300 

.0037 

.0002 

42,277 

360 

.0045 

.0004 

48,316 

400 

.0056 

.0004 

64,356 

460 

.0067 

.0005 

60,396 

600 

.0078 

.0006 

66,436 

660 

.0089 

.0007 

72,474 

600 

.0099 

.0007 

E  (100-600)  - 

•2,717,000  pounds  per  square  Inch. 

600 
700 

.0099 
.0120 

.0007 
.0009 

84,653 

1 

96,632 

800 

.0141 

.0011 

108,711 

900 

.0164 

.0012 

120,790 

1,000 

.0188 

.0014 

E  (600-1,000) 

"  2,439,000  pounds  per  square  Inch,  j 

600 
600 

1,100 

.0110 
.0110 

.0210 

.0014 
.0016 

.0017 

' 

132,869 

' 

144,948 

1,200 

.0232 

.0019 

157.027 

1,300 

.0255 

.0021 

169, 106 

1,400 

.0280 

.0023 

181,186 

1,600 

.0301 

.0026 

600 
600 

1,600 

.0127 
.0127 

.0327 

.0026 
.0025 

.0029 

193.264 

205.343 

1,700 

.0360 

.0031 

217,422 

1,800 

.0376 

.(mi 

229.501 

1,900 

.0401 

.0037 

241,680 

2,000 

.0426 

.0040 

E  (1.000-2,000)  —  2,358,000  pounds  per  sqoare 
inch.                                                                   ' 

600 
600 

2,100 

.0147 
.0147 

.0451 

.0040 
.0040 

.0044 

263,659 

266.738 

2,200 

.0479 

.0048 

277,817 

2,300 

.0507 

.0052 

289,896 

2,400 

.    .05.% 

.0056 

301,975 

2,600 

.0561 

.0060 

GOO 
600 

.0176 
.0173 

.0058 
.0069 
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BRIOK    PIERS. 

No.  1695 — Continued. 
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Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Inch. 
.0061 
.0068 
.0071 
.0078 
.0084 

.0083 
.0083 

.0090 
.0095 
.0103 
.0110 

Pounds. 
314,054 
326,133 
338,212 
350,291 
362.370 

Pounds. 
2,600 
2,700 
2,800 
2,900 
3,000 

600 
600 

3,100 
3,200 
3,300 
3,400 
3,437 

Inch. 
.0586 
.0016 
.0645 
.0075 
.0704 

.0207 
.0206 

.0738 
.0760 
.0803 
.0640 

Snapping  sound. 

E  (2,&(>-3,000)  =  2,137,000  pounds 
inch. 

Ultimate  strength. 

per  square 

374,449 

398,607 
410,686 
415, 100 

Opened  longitudinal  cracks  in  lower  half  of  pien 
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BBIGK    PIKB8. 


No.  1698. 

12'  FACE  BRICK  PIER. 

Dry  pressed  bricks. 

Built  of  39  courses  of  brick,  with  hollow  core. 

Laid  in  lime  mortar  with  Portland  cement  added — 1  part  lime  mor- 
tar and  1  part  Alpha  cement. 
#je,  8  months  15  days, 
eight,  909  pounds  =  133  pounds  per  cubic  foot. 
Height  of  pier,  96.60  inches. 

Outside  dimensions,  ll'^.SOX  11^80  =  139.34  square  inches. 
Gore,  4''.11  X4''.14  =  17.02  square  inches. 
Net  sectional  area,  122.22  square  inches. 
Average  thickness  of  joints,  ''.30. 
Gauged  length,  SO'^. 
Color  of  mortar  in  joints,  nearly  white. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

•   Sot. 

Pounds. 

Pounds. 

Inch. 

Inch. 

12,222 

100 

0. 

0. 

Initial  load.    Loaded  with  8,000  pounds  before 
testing. 

1^,333 

150 

.0013 

0. 

24,444 

200 

.0028 

.0003 

30.555 

250 

.0045 

.0007 

36,666 

300 

.0061 

.0010 

42,777 

350 

.0079 

.0013 

48,888 

400 

.0095 

.0016 

54,999 

450 

.0111 

.0019 

61,110 

500 

.0128 

.0023 

67,221 

550 

.0143 

.0024 

73,332 

600 

.0160 

.0026 

E  (10O-e00)-l,866,000  pounds  per  square  inch. 

600 
700 

.0162 
.0193 

.0029 
.0033 

85,554 

97,776 

800 

.0225 

.0039 

109,998 

900 

.0260 

.0043 

122.220 

1,000 

.0293 

.0050 

E  (600-1, 000)  *  1.835,000  pounds  per  square  inch. 

600 
600 

1.100 

.0194 
.0193 

.0330 

.0050 
.0050 

.0057 

134.442 

146.664 

1,200 

.0365 

.0064 

158.886 

1.30O 

.0403 

.0071 

171. 108 

1.400 

.0441 

.0079 

183,330 

1.500 

.0479 

.0088 

600 
000 

1,600 

.0250 
.0247 

.0521 

.0087 
.0088 

.0097 

195,562 

207,774 

1,700 

.0569 

.0111 

219.996 

1.800 

.0615 

.0124 

232.218 

1.900 

.0664 

.0140 

244.440 

2,000 

.0718 

.0160 

E  (1.000-2.000) -1.587.000  pounds  per  square 
inch. 

600 
600 

2.100 

.0338 
.0339 

.0779 

.0150 
.0160 

.0184 

256.662 

268.884 

2.200 

.0836 

.0205 

Snapping  sounds. 

281.106 

2,300 

Ultimate  strength. 



Opened  longitudinal  cracks  at  middle  of  height  of  pier. 
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No.  1699. 

12*  FACE  BRICK  pIeR. 

Dry  pressed  bricks. 

Built  of  35  courses  of  brick,  with  hollow  core. 

Laid  in  cement  mortar — 1  part  Alpha  cement  and  6  parts  sand. 

Age,  8  months  18  days. 

Weight,  926  pounds'=  137.3  pounds  per  cubic  foot. 

Height  of  pier,  97.25  inches. 

Outside  dimensions,  11^^.78  X  11^.65  =  137.24  square  inches. 

Gore,  4''.  18  X  4''.20  =  17.56  square  inches. 

Net  sectional  area,  119.68  square  inches. 

Wide  joints,  average  thickness,  '^.58. 

Gauged  length,  50  . 


AppUed  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

n,968 

100 

0. 

0. 

Initial  load .    Loaded  with  8,000  pounds  befo ro 
testing. 

17,9S2 

ISO 

.0015 

.0006 

23,936 

200 

.0028 

.0009 

29,920 

250 

.0040 

.0012 

35,904 

300 

.0053 

.0014 

41,888 

350 

.0063 

.0017 

•47,872 

400 

.0075 

.0018 

53,8fi6 

450 

.0087 

.0020 

50,840 

600 

.0100 

.0023 

65,824 

660 

.0110 

.0025 

71,808 

600 

.0121 

.0026 

E  ( 100-600) »  2,632,000  pounds  per  square  inch. 

600 
700 

.0123 
.0144 

.0027 
.0028 

83,776 

95,744 

800 

.0168 

.0030 

107,712 

900 

.0191 

.0035 

119,680 

1,000 

.0217 

.0038 

E  (600-1, 000)  *  2,381 ,000  pounds  per  square  Inch. 

600 
600 

167 

.0139 
.0137 

.0038 

Load  left  on  pier. 

Load  found  on  pier  after  16  hours. 

20,000 
17,500 

146 



100 



.0026 

600 

.6i26" 

.0028 

600 

.0126 

.0028 

131.648 

1,100 

.0238 

.0037 

143,616 

1,200 

.0267 

.0043 

155,684 

1,300 

.0292 

.0047 

167.552 

1.400 

.0318 

.0050 

179,520 

1,500 

.0345 

.0055 

GOO 

.0163 

.0055 

600 

.0164 

.0055 

191,488 

1,600 

.0370 

.0060 

203,456 

1,700 

.0400 

.0064 

215,424 

1,800 

.0430 

.0070 

• 

227,392 

1,900 

.0460 

.0075 

239,360 

2,000 

.0489 

.0079 

E   (1.00a-2,000)-2,165,000  pounds  per  square 
inch. 

600 

.0196 

.0080 

600 

.0196 

.0079 

251,328 

2,100 

.0517 

.0085 

263,296 

2.200 

.0547 

.0090 

275.264 

2.300 

.0575 

.0096 

287,232 

2.400 

.0610 

.0103 

299,200 

2,600 

.0640 

.0109 
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RamarkB. 


E   (2,000-3,000) -1,964,000  pounda  per  sqaare    , 
Inch.  I 


Snapping  soand. 
Ultimate  strength. 


Opened  longitudinal  cracks  at  middle  of  height  of  pier. 


12"  FACE  BRICK  PIER. 

Repressed  bricks. 

Built  of  34  courses  of  brick,  with  hollow  core. 

Laid  in  cement  mortar — 1  part  Alpha  cement  and  5  parts  sand. 

Age,  8  months  20  days. 

Weight,  896  pounds  =  123.7  pounds  per  cubic  foot. 

Height  of  pier,  96.70  inches. 

Outside  dimensions,  12".24X12'M5  =  148.72  square  inches. 

Core,  4".33  X  4''.48  =  19.40  square  inches. 

Net  sectional  area,  129.32  square  inches. 

Wide  joints,  average  thickness,  ''.SS. 

Gauged  length,  50'\ 

Laid  with  wide  bed  joints;  dry  end  joints. 


Applied  loads. 


Total. 


Per  square 
incli. 


Pound. 0. 
12,IW2 

19,;WS 
2.',.  Hk'A 
32,  .m 
38, 790 
4'),  21)2 
51.  728 
fhS,  104 

(i4.r>r)0 

71, 120 
77,r>92 


90,524 
ia?,4.'i<5 
llfi,388 
129,320 


142,252 
155, 184 
168,116 
181.048 
193.980 


218,  rXM) 


Pounds. 
100 

150 
2(X) 
2.'')0 

;i(M) 

.TiO 
4<M) 

4:i0 
,'y>o 

(KK) 

600 

700 

800 

900 

1,000 

600 
600 

1,100 
1,200 

i,:^oo 

1,400 
1,5(K) 

600 
<i00 

1.600 
1,()90 


In  gauged  length. 


Compres- 
sion. 


Remarks. 


Inch. 

Inch. 

0. 

0. 

.0029 

.000;-) 

.  (X)5() 

.0008 

.  0085 

.0013 

.0115 

.0016 

.0145 

.0021 

.0176 

.0024 

.0206 

.0027 

.02:^6 

.0031 

.0267 

.0035 

.0298 

.0039 

.o;wo 

.0040 

.m\o 

.0046 

.0422 

.oavi 

.  a'ioi 

.0071 

.0560 

.0075 

.o;j.59 

.0075 

.0359 

.0075 

.0628 

.0083 

.069«) 

.0093 

.076f. 

.0103 

.0848 

.0119 

.0921 

.0130 

.04.53 

.01.30 

.  04:>0 

.0130 

.1006 

.0151 

Initial  load, 
testing. 


Loaded  with  8,000  pounds  before 


E  ( 100-600)  =  965,000  pounds  per  square  inch. 


E  (600-1,000)  =  885,000  pounds  per  square  inch. 


Snapping  soimds. 


Ultimate  strength. 


Opened  longitudinal  cracks  at  middle  of  length  of  pier.- 
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BBIOE    PIERS. 


No.  1693. 


12" 


COMMON  BRICK  PIER. 

Hard,  sand-struck  brick  from  New  England  Brick  Company's  yard. 
West  Cambridge,  Mass. 

Built  of  35  courses  of  brick,  with  hollow  core. 

Laid  in  cement  mortar — 1  part  Alpha  cement  and  5  parts  sand. 

Age,  8  months  20  days. 

Weight,  815  pounds  =  132.5  pounds  per  cubic  foot. 

Height  of  pier,  95.45  incHes. 

Outside  dimensions,  ll''.50Xll''.57  =  133.06  square  inches. 

Core,  4^^.49  X4''.85  =  21.78  square  inches. 

Net  sectional  area,  111.28  square  inches. 

Wide  joints,  average  thickness,  ''.60. 

Gauged  length,  50\ 


Applied 

I  loads. 

In  gauge 

Compres- 
sion. 

d  length. 
Set. 

Remarks. 

Total. 

Pounds. 
11,128 

16,692 
22,256 
27,820 
33,384 
38,948 
44,512 
50,076 
55,640 
61,204 
66,768 

Per  aquare 
inch. 

Pounds. 
100 

150 

200 

250 

300 

350 

400- 

450 

500 

,550 

600 

600 

700 

800 

900 

1,000 

600 
600 

Inch. 
0. 

.0013 
.0025 
.0039 
.0050 
.0063 
.0076 
.0089 
.0102 
.0114 
.0129 

.0129 

.0154 
.0181 
.0210 
.0238 

.0150 
.0150 

Inch. 
0. 

.0003 
.0004 
.0006 
.0007 
.0010 
.0011 
.0013 
.0015 
.0018 
.0019 

.0019 

.0021 
.0025 
.0028 
.0035 

.0033 
.0033 

Initial  load.    Loaded  with  6,000  pounds  before 
testing. 

R  (100-600)  :=  2,273,000  pounds  per  square  inch,      i 

77,896 
89,024 
100, 152 
111,280 

Snapping    sound.      E  (000- 1,000)  =2,151,000     1 
pounds  per  square  inch. 

20,000 
18,000 

Load  left  on  pier. 

Load  found  on  pier  after  40  hours. 

E  (1,000-2,000)  =  1,773,000 poundsper  square  Inch. 

Oracles  developed  in  three  courses  in  upper  part 

of  pier. 
Ultimate  strength. 

100 

COO 
600 

1,100 
1,200 
1,300 
1,400 
1.500 

600 
600 

1,600 
1,700 
1,800 
1,900 
2,000 

600 
000 

2,100 
2,200 

.0041 
.0043 
.0043 

.0052 
.0058 
.0063 
.0068 
.0077 

.0078 
.0077 

.0085 
.0093 
.0105 
.0118 
.013.5 

.0133 
.0133 

.0154 
.0214 

.0156 
.0160 

.0279 
.0312 
.0343 
.0377 
.0413 

.0210 
.0209 

.0449 
.0487 
.a'>26 
.0570 
.0620 

.0285 
.0283 

.0677 

122,408 
133,536 
144.(564 
155,792 
106,920 

178,048 
189,176 
200,304 
211,432 
222,660 

233,688 
244,816 

Opened  longitudinal  cracks  in  upper  half  of  pier.  Gradual  failure 
occurred  while  the  maximum  stress  was  acting.  This  load  was 
released  and  set  determined.  Upon  reapplication  of  load  the  pier 
continued  to  yield  under  234,000  pounds,  increasing  the  size  and 
number  of  the  cracks. 
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12"  COMMON  BRICK  PIER. 


Light  hard,  sand  struck  brick  from  New  England  Brick  Company's 
yard,  West  Cambridge,  Mass. 

Built  of  33  courses  of  brick,  with  hollow  core. 

Laid  in  cement  mortar — 1  part  Alpha  cement  and  5  parts  sand. 

Age,  8  months  19  days. 

Weight,  800  pounds  =  116.7  pounds  per  cubic  foot. 

Height  of  pier,  97.20  inches. 

Outside  dimensions,  12".07X  12''.10  =  146.05  square  inches. 

Core,  4".78X4''.97  =  23.76  square  inches. 

Net  sectional  area,  122.29  square  inches. 

Wide  joints,  average  thickness,  ".60. 

Gauged  length,  50". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

12,229 

100 

0. 

0. 

Initial  load.    Loaded  with  8,000  pounds  before 
testing. 

18.344 

160 

.0028 

.0006 

24,458 

200 

.wm 

.0010 

30,573 

250 

.0090 

.0015 

3f),ti87 

300 

.0120 

.0018 

42,802 

350 

.0150 

.0022 

48,910 

400 

.0180 

.0026 

55,031 

450 

.0210 

.0030 

61,145 

500 

.0241 

.0034 

67,2r>0 

550 

.0273 

.0036 

73,374 

600 

.0305 

.0040 

E  (100-600) =943,000  pounds  per  square  inch. 

600 

.0307 

.0043 

85,603 

700 

.0366 

.0049 

97,832 

800 

.0427 

.0054 

110,061 

900 

.0490 

.0^)0 

Snapping  sound. 

122,290 

1,000 

.0556 

.0067 

E  (600-1,000) =893,000  pounds  per  square  inch. 

600 
600 

.0353 
.0353 

.0067 
.0067 

134,519 

1,100 

.0623 

.0074 

146,748 

1,200 

.0<188 

.0082 

158,977 

1,300 

.0757 

.0090 

171.20<i 

1,400 

.0830 

.0100 

183.435 

1,500 

.0900 

.0109 

E  (1,000-1 ,500) -828,000  pounds  per  square  inch. 

600 
600 

.0421 
.0421 

.0109 
.0109 

195.664 

1,600 

.0970 

.0118 

207.893 

1.700 

.1058 

.0135 

220.122 

1,800 

.1140 

.0146 

228,100 

1,865 

Ultimate  strength. 

Opened  longitudinal  cracks  in  lower  half  of  pier. 
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BRICK    PIERS. 


No.  1700. 


12"  COMMON  BRICK  PIER. 


Hard,  sand  struck  brick   from    New  England  Brick  Company* s 
yard,  East  Brookfield,  Mass. 

Built  of  37  courses  of  brick,  with  hollow  core. 

Laid  in  cement  mortar — 1  part  cement  and  1  part  sand. 

A^e,  8  months  12  days. 

Weight,  794  pounds  =  118.6  pounds  per  cubic  foot. 

Height  of  pier,  95.30  inches. 

Outside  dimensions,  12".20X  12''.08  =  147.38  square  inches. 

Core,  4''.85  X  5''.38  =  26.09  square  inches. 

Net  sectional  area,  121.29  square  inches. 

Average  thickness  of  joints,  ".33. 

Gauged  length,  SO''. 


Applle< 
Total. 

1  loads. 

Per  square 
inch. 

In  gauged  length. 

Remarks. 

Compres- 
sion. 

Set. 

Pounds. 
12,129 

18,194 
24,258 
30,323 
36,387 
42,452 
48,516 
64,581 
60.645 
66.710 
72,774 

Pounds. 
100 

150 
200 
250 
300 
350 
400 
450 
500 
550 
600 

600 

700 

800 

900 

1,000 

600 
600 

1,100 
1,200 
1,300 
1,400 
1,500 

600 
600 

1,600 
1,700 
1,800 
1,900 
2,106 

Inch. 
0. 

.0022 
.0048 
.0071 
.0098 
.0123 
.0149 
.0175 
.0200 
.0228 
.0252 

.0254 

.0307 
.0354 
.0406 
.0458 

.0293 
.0294 

.0516 
.0568 
.0622 
.0667 
.0735 

.0351 
.0350 

.0794 
.0851 
.0919 
.0985 

Tnch. 
0. 

.0004 
.0008 
.0013 
.0016 
.0020 
.0022 
.0026 
.0028 
.0032 
.0035 

.oa-w 

.0046 
.0049 
.0054 
.0059 

.0060 
.0060 

.0066 
.0073 
.0079 
.0087 
.0094 

.0093 
.0093 

.0102 
.0110 
.0121 
.0133 

Initial  load.    Loaded  with  8,000  pounds  before 
testing. 

E  (100-«OC;)»  1,152,000  pounds  per  square  inch. 
E  (600-1,000)-1,099,000  pounds  per  square  inch. 

E   (1,000-1,500)  =  1,033,000  pounds  per  square 
inch. 

Snapping  sounds. 

Ultimate  strength. 

84,903 
97,032 
109. 161 
121,290 

133,419 
145,648 
157.677 
169,806 
181,935 

194,064 
206,193 
218,322 
230,451 
255.400 

Opened  longitudinal  cracks  and  partially  crushed  bricks  in  middle 

Eart  of  pier.     Frequent  snapping  sounds  were  heard  after  the  loads 
ad  reached  1,600  pounds  per  square  inch. 
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Hard,  sand  struck  brick  from  New  England  Brick  Company's  yard, 
East  Brookfield,  Mass. 

Built  of  37  courses  of  brick,  with  hollow  core. 

Laid  in  lime  mortar  with  Portland  cement  added — 1  part  lime 
mortar  and  1  part  Alpha  cement.  The  lime  mortar  was  composed  of 
1  part  lime  and  3  parts  sand. 

Age,  8  months  15  days. 

Weight,  773  pounds  =  112.8  pounds  per  cubic  foot. 

Height  of  pier,  96.12  inches. 

Outside  dimensions,  12''.22  X  12'M2  =  148.11  square  inches. 

Core,  4".98  X  5''.02  =  25  square  inches. 

Net  sectional  area,  123.11  square  inches. 

Average  thickness  of  joints,  '^.33. 

Gauged  length,  50". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
incn. 

Compres- 
sion. 

Set. 

Poundfi. 
12,311 

18, 467 
24,622 
30.778 

3().933 
43.089 
49.244 
55.400 
61.555 
07,711 
73,866 

Pounds. 
100 

150 
200 
250 

300 
350 
400 
4.50 
500 
550 
600 

600 

700 

800 

900 

1,000 

600 
(iOO 

1.100 
1,200 
1,300 
1,400 
1,523 

Inch. 
0. 

.0036 
.0071 
.0106 

.0150 
.01,% 
.0220 
.0257 
.0291 
.0329 
.0365 

.0370 

.0434 
.0508 
.0583 
.0662 

.04(iO 
.0460 

.0746 
.0827 
.0917 
.1005 

Inch.' 
0. 

.0009 
.0016 
.0024 

.0044 
.0053 
.0058 
.0065 
.0070 
.0078 
.0084 

.0088 

.0096 
.0111 
.0127 
.0144 

.0146 
.0146 

.OUiO 
.0189 
.0209 
.0238 

Initial  load.    Loaded  with  7,000  pounds  before 
testing. 

E  (100-^00)  »800,000  pounds  per  square  inch. 

E  (600-1,000) -844,000  pounds  per  square  inch. 

Snapping  sounds. 
Ultimate  strength. 

86.177 
98,488 
110,799 
123,110 

135.421 
147.732 
'       160.043 
172. 3M 
187,. 500 

Opened  cracks  near  middle  of  height  of  pier. 


le 
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BRICK    PIERS. 


No.  1704. 

ir  COMMON  BRICK  PIER. 

Light  hard,  sand-struck  brick  from  New  England  Brick  Companys 
yard,  East  Brookfield,  Mass. 

Built  of  36  courses  of  brick,  with  hollow  core. 
Laid  in  cement  mortar — 1  part  Alpha  cement  and  7  parts  sand. 
3,  8  months  13  days, 
^iffht,  758  pounds  =  108.6  pounds  per  cubic  foot. 
Height  of  pier,  96.12  inches. 

Outside  dimensions,  12".20X  12'M8  =  148.60  square  inches. 
Core,  4".79X4".82  =  23.09  square  inches. 
Net  sectional  area,  125.51  square  inches. 
Average  thickness  of  joints,  ".35. 
Gauged  length,  50". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Perequare 
inch. 

Compres- 
sion. 

Bet. 

Pounds. 

Pounds. 

Inch. 

Inch. 

12,651 

100 

0. 

0. 

I  nit lal  load.    Loaded  with  8,000  pounds  before 
testing. 

18,827 

150 

.0033 

.0007 

• 

25,102 

200 

.0066 

.0011 

31,378 

250 

.0099 

.0016 

37,653 

300 

.0130 

.0020 

43,929 

350 

.0164 

.0024 

50,204 

400 

.0200 

.0029 

56,480 

450 

.0234 

•   .0032 

62,755 

500 

.0268 

.0037 

60,031 

550 

.0302 

.0039 

75,306 

600 

.0338 

.0043 

/Snapping  sound. 

\E  (£qO-600)  -847,000  pounds  per  square  inch. 

600 
700 

.0340 
.0401 

.0045 
.0050 

87,857 

100,408 

800 

.0468 

.0051 

107,000 

853 

Ultimate  strength. 

Bricks  in  lower  courses  crushed. 
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Vr    UUMMUiN    iSKlUii.    riJSJK. 


Hard,  sand-struck  brick  from  New  England  Brick  Company's  yard, 
Mechanicsville,  N.  Y. 

Built  of  38  courses  of  brick,  with  hollow  core. 

Laid  in  lime  mortar  with  Portland  cement  added — 1  part  lime  mor- 
tar and  1  part  Alpha  cement.  The  lime  mortar  was  composed  of  1 
part  lime  and  3  parts  sand. 

Age,  8  months  16  days. 

Weight,  726  pounds  =  105.6  pounds  per  cubic  foot. 

Height  of  pier,  97.25  inches. 

Outside  dimensions,  11''.97X12''.06  =  144.36  square  inches. 

Core,  4''.61  X4".85  =  22.36  square  inches. 

Net  sectional  area,  1 22  square  inches. 

Average  thickness  of  joints,  ".30. 

Gauged  length,  50". 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  souare 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

12,200 

100 

0. 

0. 

Initial  load.    Loaded  with  7,000  pounds  beforo 
testing. 

18,900 

150 

.0022 

.0004 

24,400 

200 

.0047 

.0009 

30,500 

250 

.0072 

.0015 

36,600 

30O 

.0097 

.   .0019 

42,700 

350 

.0122 

.0023 

48,800 

400 

.0148 

.0028 

54,900 

450 

.0174 

.0033 

61,000 

500 

.0200 

.0037 

67,100 

550 

.0227 

.0041 

73,200 

600 

.0253 

.0045 

E  (100-600)  =  1,202,000  pounds  per  square  inch. 

600 
700 

.0256 
.  0305 

.0046 
.0051 

85,400 

OT,600 

800 

.0357 

.0050 

109,800 

900 

.0413 

.0068 

122,000 

1,000 

.0470 

.0078 

E  (600-1,000)  =-1,087,000  pounds  per  square  Inch. 

600 
600 

1,100 

.0306 
.0305 

.0525 

.0078 
.0078^ 

.0085 

1 

134,200 

146,400 

1,200 

.0500 

.0098 

Snapping  sounds. 

158.  TOO 

1,300 

.0649 

.0110 

170,800 

1,400 

.0710 

.0119 

183,000 

1,500 

.0782 

.0135 

E  ( 1 ,000-1 ,500)  -980,000  pounds  per  square  inch. 

COO 
600 

1,517 

.0395 
.0393 

.0134 
.0131 

Ultimate  strength. 

185,100 

Opened  cracks  and  bricks  crushed  in  lower  half  of  pier. 
H.  Doc.  26,  59-2 38 


Hard,  sand-struck  brick  from  New  England  Brick  Company's  yard, 
Mechanics ville,  N.  Y. 

Built  of  33  courses  of  brick,  with  hollow  core. 

Laid  in  cement  mortar — 1  part  Alpha  cement  and  5  parts  sand. 

Age,  8  months  18  days. 

Weight,  723  pounds  =  108.2  pounds  per  cubic  foot. 

Height  of  pier,  95.55  inches. 

Outside  dimensions,  12".00Xll".96  =  143.52  square  inches. 

Core,  4".71X4".84-=  22.80  square  inches. 

Net  sectional  area,  120.72  square  inches. 

Wide  joints,  average  thickness,  ".55. 

Gauged  length,  50^. 

Laid  with  wide  bed  joints;  dry  end  joints. 


Applied  loads. 

In  gauged  length. 

1 
Remarks. 

Total. 

Per  BQuaro 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

Pounds. 

Inch. 

Inch. 

12,072 

100 

0. 

0. 

Initial  load.    Loaded  with  9,000  pounds  before  • 
testing. 

18,108 

ISO 

.0036 

.0013 

24, 144 

200 

.0073 

.0024 

30,180 

250 

.0104 

.0034 

36,216 

300 

.0138 

.0043 

42,252 

350 

.0170 

.0052 

48,288 

400 

.0203 

.0059 

54,324 

450 

.0237 

.0068 

60, 3G0 

500 

.  0*2/0 

.0076 

66,  ;m 

550 

.0306 

.0084 

72,4:« 

COO 

.0351 

.0101 

E  (100-600/- 1,000,000  pounds  per  square  Inch. 

600 
700 

.0365 
.0413 

.0102 
.0111 

84,504 

96,576 

800 

.0485 

.0126 

Snapping  sounds.                                                    ' 

108,648 

900 

.0560 

.0146 

120,720 

1,000 

.0640 

.0176 

E  (600-1,000)  -930,000  pounds  per  square  inch. 

600 
600 

1,100 

.0458 
.0456 

.0729 

.0167 
0163 

.0180 

N 

132,792 

144,864 

1,200 

.0819 

.0212 

147,200 

1,219 

Ultimate  strength. 

Failed  in  the  lower  half,  developing  longitudinal  cracks  and  crush- 
ing the  individual  bricks. 
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Sand-lime  brick;  material  from  the  National  Association  of  Manu- 
facturers of  Sand-Lime  Products,  Wilmington,  DeL 

Built  of  37  courses  of  brick,  with  solid  core. 

Laid  in  cement  mortar — 1  part  Alpha  cement  and  3  parts  sand. 

Age,  3  months  10  days. 

Weight,  967  pounds  ^111.6  pounds  per  cubic  foot. 

Hei^t  of  pier,  95  inches. 
'     Sectional  area,  12".57X12''.53  =  157.50  square  inches. 

Average  thickness  of  joints,  ''.30. 

Gauged  length,  50''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Pounds. 
15,750 

23,625 
31,500 
39,375 
47,250 
55,125 
63,000 
70,875 
78,750 
86,02.5 
94,500 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 
100 

150 
200 
250 
300 
350 
400 
450 
500 
550 
600 

600 

700 

800 

900 

1,000 

600 
600 

1,081 

Inch. 
0. 

.0017 
.0038 
.0060 
.0083 
.0109 
.0134 
.0160 
.0190 
.0216 
.0244 

.0250 

.0306 
.0376 
.0458 
.0554 

.0302 
.0391 

Inch. 
0. 

0. 
.0004 
.0010 
.0015 
.0022 
.0028 
.0033 
.0040 
.0047 
.0051 

.0055 

.0067 
.0086 
.0112 
.0134 

.0144 
.0145 

Initial  load.    Loaded  with  10,000  pounds  before 
testing. 

E  (10O-«)0)  =  1,295,000  pounds  per  square  Inch. 

E  (600-1,000) =881,000  pounds  per  square  Inch. 
Ultimate  strength. 

110,250 
126,000 
141,750 
157,500 

170,200 

Opened  longitudinal  cracks  in  the  lower  half  of  the  pier. 
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BRICK    PIERS. 


No.  1709. 

12"  SAND-LIME  BRICK  PIER. 

Sand-lime  brick;  material  from  the  National  Association  of  Manu- 
facturers of  Sand-Lime  Products,  Wilmington,  Del. 
Built  of  38  courses  of  brick,  with  solid  core. 
Laid  in  lime  mortar — 1  part  lime  and  3  parts  sand. 
Age,  3  months  17  days. 

Weight,  921  pounds  =  107.9  pounds  per  cubic  foot. 
Hei^t  of  pier,  94.25  inches. 

Sectional  area,  12^^.52  X  12^^.49  =  156.37  square  inches. 
Average  thickness  of  joints,  ''.21. 
Gauged  length,  50''. 


Applied  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
Inch. 

Compres- 
sion. 

Set. 

Pounds. 
15,637 

23,456 
31.274 
39,003 
46,911 
54,730 
62,548 
70,367 

Pounds. 
100 

150 
200 
250 
300 
350 
400 
450 

Inch. 
0. 

.0140 
.0383 
.0<)37 
.0898 
.1187 
.1504 
.1960 

Inch. 
0. 

.0110 
.0309 
.0519 
.0736 
.0970 
.1245 
.1640 

Initial  load.    Loaded  with  9,000  pounds  before 
testing. 

E  ( 100-400) » 579,000  pounds  per  square  Inch. 
Ultimate  strength. 

Bricks  cracked  in  lower  courses, 
the  lower  half  of  the  pier. 


Opened  longitudinal  cracks  in 
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x.£    oArMJ-iJi-BiLr*  DRi^jXk,  trixuts.. 


Sand-lime  brick;  material  from  the  National  Association  of  Manu- 
facturers of  Sand-Lime  Products,  Wilmington,  Del. 
Built  of  39  courses  of  brick,  with  soUd  core. 
Laid  in  neat  Portland  cement.  Alpha  brand. 
Age,  3  months  19  days. 

Weight,  971  pounds  =  113.4  pounds  per  cubic  foot. 
Height  of  pier,  95.40  inches. 

Sectional  area,  12^.46  Xl2".45  =  155.13  square  inches. 
Average  thickness  of  joints,  ''.20. 
Gauged  length,  50''. 


Appliw 

I  loads. 

In  gauged  length. 

Remarks. 

Total. 

Per  square 
inch. 

Compres- 
sion. 

Set. 

Pounds. 

PouTids. 

Inch. 

Inch, 

15,513 

100 

0. 

0. 

Initial  load.    Loaded  with  10,000  pounds  before 
testing. 

23,270 

150 

.0019 

.0004 

31,oa> 

200 

.0040 

.0009 

38,783 

250 

.0062 

.0014 

4fi,.'539 

300 

.0083 

.0018 

54,2% 

350 

.0104 

.0025 

62,052 

400 

.0125 

.0029 

69.809 

450 

.0146 

.0032 

77,565 

500 

.0168 

.0036 

85.322' 

rm 

.0189 

.0040 

93,078 

600 

.0209 

.0043 

E  (100-600)  =  1,506,000  pounds  per  square  Inch. 

600 
700 

.0210 
.0248 

.0045 
.0049 

108,591 

124, 104 

800 

.0294 

.0057 

139,617 

900 

.0341 

.0067 

155,130 

1,000 

.0:^86 

.0076 

E  (600-1,000) = 1,389,000  pounds  per  square  Inch. 

600 
600 

1,100 

.0260 
.0259 

.0443 

.0076 
.0076 

.0087 

170,643 

186,  \m 

1,200 

.Oi)03 

.0103 

201,669 

1,300 

.awi 

.0128 

217, 182 

1,400 

.0670 

.0153 

Ultimate  strength. 

Opened  longitudinal  cracks  in  the  lower  half  of  the  pier. 
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BBICK   PIEBS. 
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1701,  and  1703. 

Composition:  Lime  mortar,   1;  Alpha-Portland  cement,   1. 
lime  mortar  was  made  of  1  part  lime  and  1  part  sand. 

Compressed  surfaces  faced  with  neat  Portland  cement. 

Age,  9  months. 


The 


CUBES  TESTED  IN  ORDINARY  DRY  STATE. 


Marks. 

1 

2 

3 

Height. 

Dimensions 

ed  surface. 

Sectional 
area. 

First  crack. 

Compressive  strength. 

Compresa 

Total. 

Pounds. 
77,100 
82,100 
57,200 

Per  square 
Inch. 

Inches. 
5.99 
6.00 
6.03 

-Inches. 
6.07 
6.04 
6.00 

IncJies. 
5.98 
6.03 
6.03 

Sq.  incites. 
36.30 
36.42 
36.18 

Pounds. 
68,100 
71.200 
57,200 

Pounds. 
2,120 
2,250 
1,680 

CUBES  TESTED  IN  A  WET  STATE,  AFTER  AN  IMMERSION  OF  9  DAYS  IN  WATER. 


4 

5 

6 

6.03 
6.05 
6.00 

6.07 
6.03 
6.08 

5.98 

5.98 
5.98 

36.30 
36.06 
36.36 

63,600 
69,300 
62,900 

63,600 
69,300 
62,900 

1,750 
1,920 
1,730 

ABSORPTION  TESTS  OF  CUBES  NOS.  4,  5,  AND  6. 


Marks. 

Weights, 
dry. 

Weights, 
wet,  after 

9  days' 
submersion. 

Gain. 

Absorption. 

By  weight. 

By  volume. 

4 

5 

6 

Lbs.    oz. 

14  13.5 

15  2.5 
14    12.5 

Lbs.   oz. 
16    4.0 
16    5.5 
16    5.0 

Lbs.   oz. 
1    6.5 
1    3.0 
1    5.5 

Per  cent. 
9.5 
7.8 
9.1 

Per  cent. 
17.8 
15.1 
17.1 

BRICKS. 
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The  cubes  are  all  made  of  concrete  in  the  proportions  of  one  part 
Dragon  Portland  cement,  two  parts  of  Potomac  River  sand,  and  lour 
and  one-half  parts  broken  diorite  rock.  The  sand  is  sharp,  containing 
quite  a  large  proportion  of  fine  grains  and  about  8  per  cent  by  volume 
of  silt.  Tne  DroJken  stone  is  hard  and  of  excellent  qualitv,  the  fract- 
ures being  sharp  and  an^lar.  The  run-of-crusher  is  used,  containing 
about  13  per  cent  by  volume  of  dust,  from  }-inch  down.  Quantities 
are  measured  loose  by  bulk  and  the  concrete  is  all  machine-mixed. 
The  concrete  in  the  blocks  marked  "B^"  however,  was  turned  over 
four  times  with  shovels  after  being  delivered  on  the  work  from  the 
bucket  in  order  to  test  the  mixing  qualities  of  the  mixer. 

The  blocks,  numbered  from  51  to  73,  inclusive,  were  mixed  very 
wet,  and  were  taken  from  batches  intended  for  making  artificial  block, 
which  do  not  permit  of  much  ramming  and  must  necessarily  have  a 
great  deal  of  water.  The  forms  were  removed  from  the  cubes  about 
24  hours  after  being  cast.  The  cubes  were  then  covered  with  builap 
and  kept  covered  with  water  for  a  week,  when  they  were  exposed  to 
the  elements. 
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COMPRESSION  TESTS  OF  CEMENT  MORTAR,  AND  CONCRETE  CUBES 
FOR  U.  S.  ENGINEER  CORPS. 

Cubes  SENT  from  Lock  No.  11,  Kentucky  River. 
Compressed  surfaces  faced  with  plaster  of  paris. 


Marks. 

Composition. 

Age. 

Dimensions. 

Sec- 
tional 
area. 

First 
cmck. 

Compressive 
strength. 

Ce- 
ment. 

Sand. 

Stone. 

Height. 

Inches. 
2.04 
2.03 
2.00 
1.96 
2.00 
2.01 
2.02 
2.02 
2.06 
2.06 
2.01 
2.04 

Compressed 
surface. 

Per 
Total,     square 
inch. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
J 
J 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

6* 

6 

Days. 

25 
25 
25 
24 
24 
24 
24 
22 
22 
22 
22 

IncTies. 
1.98 
2.01 
2.00 
1.98 
2.00 
2.01 
2.02 
2.00 
2.02 
2.03 
2.00 
1.95 

Inches. 
1.99 
1.98 
1.96 
1.97 
2.00 
1.96 
1.94 
1.98 
1.98 
1.98 
1.94 
1.99 

Sq.  ins. 
3.94 
3.98 
3.92 
3.90 
4.00 
3.94 
3.92 
3.96 
4.00 
4.02 
3.88 
3.88 

Lbs. 
5,960 
6,800 
7,350 
4,910 
9,100 
8,820 
9,100 
5,500 
5,560 
3,940 
5,100 
5,480 

Lbs. 

5,960 

6,800 

7,350 

4,910 

9,100 

8,820 

9,100 

5,500 

5,560 

3,940 

5,100 

5,480 

Lbs. 
1,510 
1,710 
1,880 
1,260 
2,280 
2,240 
2,320 
2,160 
1,390 
980 
1,310 
1,410 

COMPRESSION  TESTS  OF  CONCRETE  BUILDING  BLOCKS  FURNISHED 
BY  THE  HAYDEN  AUTOMATIC  BLOCK  MACHINE  COMPANY,  CO- 
LUMBUSy  OHIO. 

Blocks  said  to  be:  Facing,   one- third  cement;  backing,  one-fifth 
cement.    Lake  Erie  sand  used. 
Age,  8  m6nths. 

ROCK  FACE  BLOCK. 


Net  sectional  area,  101.70  square  inches. 
Compressive  strength,  total,  238,500  pounds. 
Compressive  strength,  per  square  incn,  2,350  pounds. 


Net  sectional  area,  124.40  square  inches. 
Compressive  strength,  total,  364,000  pounds. 
Compressive  strength,  per  square  inch,  2,930  pounds. 
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COMPRESSION  TEST  OF  ROCK  CUBE  FROM  DAM  SITE,  ROOSEVELT, 

ARIZ. 

[Received  from  U.S.  Geological  Survey.] 

Dimensions  of  specimen,  2^  by  2"  by  2". 
Sectional  area,  4  square  inches. 

First  crack pounds. .  155,000 

Compressive  strength,  total do 184,800 

Compressive  strength,  per  square  Inch do 46, 200 

Pyramidal  fracture. 

CHEMICAL  ANALYSIS. 

Silica 27.10 

Alumina 2. 60 

Lime 21.80 

ICacnesia 13.39 

Carbon  dioxide 36. 21 

SANDSTONE  FROM  DAWSON,  IND,  T 
Specimens  received  from  Mr.  J.  Foucart,  architect,  Guthrie,  Okla. 

CHEMICAL  ANALYSIS. 

Silica 75.60 

Oxide  of  Iron 2. 31 

Alumina 19. 60 

Lime 0. 90 

Loss  at  red  heat 1. 70 


ABSORPTION  OF  WATER. 

Lbs.  Oss. 

Weight,  dry 4     ^ 

Weight,  wet,  after  one  week  In  water 4    14$ 

Gain  in  weight 


41 

Per  cent. 

Absorption,  by  weight .' 6. 5 

Absorption,  by  volume 13. 8 

COMPRESSION  TESTS. 

Compressed  surfaces  faced  with  plaster  of  Paris  to  secure  even 
bearings  in  the  testing  machine. 
Samples  tested  on  bed. 
Color,  light  drab. 


Marks. 

Dimensions. 

Sectional 
area. 

Flrat  crack. 

Compressive  strength. 

Height. 

Compressed  surface. 

Total. 

Per  square 
hich. 

1 
2 

Inches. 
a80 
a90 

Inches. 
3.76 
a90 

Inches. 
3.80 
3.85 

8q.  inches. 
14.20 
15.02 

Pounds. 
70,900 
74,600 

Powids. 
79,900 
74,600 

Pounds. 
5,500 
4,970 

Pyramidal  fractures. 
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COMPRESSION  TEST  OF  RED  SANDSTONE. 


Sample  received  from  the  U.  S.  Geological  Survey,  Washington, 
D.  C. 

Dimensions  of  specimen,  1".50  by  2'*A5  by  I'.SO. 
Sectional  area,  3.68  square  inches. 

First  crack pounds. .  12,200 

Ultimate  strength,  total do 13, 100 

Ultimate  strength,  per  square  inch do 3, 560 

COMPRESSION  TESTS  OF  GRANITE  CUBES. 

Samples  furnished  by  Mr.  John  Swenson,  Concord,  N.  H.,  at  the 
request  of  the  U.  S.  Geological  Survey. 

Compressed  surfaces  faced  with  plaster  of  Paris. 


Dimensions. 

Sectional 
area. 

First  crack. 

Compressive  strength. 

Height. 

Compressed  surface. 

Total. 

Per  square 
Inch. 

Inches. 
3.06 
3.03 

Inches. 
3.06 
3.06  . 

Inches. 
3.07 
3.07 

Sq.  inches. 
9.39 
9.39 

Pounds. 
289,500 
206,000 

Pounds. 
289,fi00 
224,000 

Pounds. 
30,830 
23,880 

Pyramidal  fractures. 
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Washington,  D.  C. 
Length  of  specimens  over  all,  5'^ 
Length  of  specimens  between  jaws,  3''. 
Width  of  specimens,  1", 


**"j> 


Thick- 
ness. 

Sec- 

Tensile strength. 

Spedmen. 

Mean. 

Color. 

Marks. 

tional 
area. 

Per 

1. 

2. 

3. 

Total. 

square 
inch. 

Inch. 

'&^- 

Lbs. 

Lbs. 

Lbt. 

Lbt. 

Pounds. 

Blue 

Technical  Supply  Co.,  medium 
satin,  No.  iS. 

.0053 

14 

14 

13.5 

13.8 

2,600 

Do 

Fred  A.  Schmidt,  Union  satin, 
blue  process,  No.  216. 

.0051 

.0051 

2&5 

29 

29 

28.8 

5,650 

Brown... 

Technical   Supply  Co.,   premo 
sepia  solar  paper.  No.  219. 

.0026 

.0026 

19.5 

19 

20 

19.6 

7,500 

Do 

Fred  A.:Schmldt,  Vandyke  solar 

paper,  No.  227i. 
FredA.  Schmidt,  Vandyke  solar 

paper.  No.  229). 

.0032 

.0032 

24 

24 

24 

24 

7,500 

Do 

.0028 

.0028 

20 

18.6 

19 

19.2 

6,800 
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PRIVATE    TESTS. 

Private  Tests. 


Tests  made  for  private  parties  during  the  fiscal  year  ended  June  30, 
1906. 


Date. 


1905. 
July 


14 
14 
18 
26 
29 
29 
29 

Aug.  3 
24 
26 
26 
28 
29 
29 
30 
30 
31 

Sept.    1 

11 
12 
12 
13 
13 
14 
15 

IG 

16 

18 

20 

22 

23 

26 

26 

27 

28 

30 

30 

3 

7 

7 

13 

14 

16 

24 

Nov.    1 

2 

8 

9 

9 

9 

9 

9 

9 

9 

10 
10 
10 
11 


Material. 


Oct. 


Steel  ban 

Steel  bars  with  clips. . 

Steel  cylinder , 

Turabuckle 

Steel  bars 

Wrenches 

Steel  bars  with  clips. . 
Building  blocks 


For  whom  tested. 


Name. 


Bronze  and  aluminum 

Steel  specimens 

do 

Steel-wire  rope 

Stc(>l  l>ars  with  clips. . 

Steel  specimens 

Wrought  iron 

Steel  specimens 

Steel  bars  with  clips. . 

Granite 

Steel  specimens 

do 

Steel  bars 

do 

Canvas  belting 

do 

Steel  rods 

Shot  lines 

Steel-wire  rope 

Manila  rope 

Steel- wire  rope 

Hydraulic  gauges 

Steel  bars  with  clips. . 

Hydraulic  gauges 

Canvas  belting 

Building  blocks 

do 


Steel-wire  rope 

Cement  fence  post. 

Steel  rails 

Steel  biirs 

Cast  Iron 

Steel  specimens 

Steel  bars 

Aluminium  alloy.. 

Steel  specimens 

Steel  bars 

Copper  wire 

Steel  specimens 

Cast  Iron 

Bronze  specimen.. 

Steel  specimens 

Cast  Iron 

Steel  specimens 

Columns 

Steel  specimens 

Steel  bars 

Cast  Iron 

Brass  tubing 

do 

Hollow  bricks 

Concrete  cylinder. . 

Granite 

Concrete  cubes 

Column  bases 

Building  blocks.... 


Concrete  blocks.. 
Steel  specimens. . 

Wrencnos 

do 


Boston  Transit  Commission 

Aberthaw  Construction  Co 

Merrimac  Chemical  Co 

Boston  Transit  Commission 

do 

Trimont  Manulacturing  Co 

Aberthaw  Construction  Co 

Nqyes  F.  Palmer  Manufacturing 
Co. 

Regenerated  Cold  \lr  Co 

Wyman  &  Gordon 

Savage  Anns  Co 

American  Steel  and  Wire  Co 

Aberthaw  Construction  Co 

Alan  Wood,  Iron,  and  Steel  Co.. 

HolUngsworth  &  Whitney 

Colonial  Steel  Co 

Aberthaw  Construction  Co 

Woodbury  Granite  Co 

Wyman  &  Gordon 

Savage  Arms  Co 

Frank  B.  Gllbreth 

Manganese  Steel  Safe  Co 

Sawyer  Belting  Co 

Boston  Transit  Comxnission 

The  Lincoln-Dlllaway  Co 

.American  Steel  and  Wire  Co 

Easton  Cordage  Co 

American  Steel  and  Wire  Co 

The  Ashton  Valve  Co 

The  Aberthaw  Construction  Co . 

Asbcroft  Manufacturing  Co 

Ruboll  Belting  Co 

Wm.  Hurley  &  Co 

Buffalo  Concrete,  Stone,  and 
Brick  Co. 

American  Steel  and  Wire  Co 

Cement  Machinery  Co 

F.  C.  Stowell 

Jesse  M.  Gove 

Standard  Brazing  Co 

Wyman  &  Gordon 

Jesse  M.  Gove 

Hood  Rubber  Co 

Isaac  G.  Johnson  &  Co 

Jesse  M.  Gove 

Holtzer-Cabot  Electric  Co 

Wyman  &  Gordon 

Sterling  Elliott 

CorwlD  Manufacturing  Co 

Wyman  &  Gordon 

Standard  Brazing  Co 

Wyman  &  Gordon 

American  Column  Co 

Wyman  &  Gordon 

Charles  River  Basin  Commission 

Farrel  Foundry  and  Machine  Co . 

American  Tube  Works 

....do 

Wm.  Wirt  Clark  &  Son 

Boston  Transit  Commission 

City  of  Cbicinnatl 

F.  R.  Upton 

Lally  Patent  Column  Co 

C.  A.  Rupp  Building  Construc- 
tion Co. 

H.  A.  Carson 

Wvman  &  Gordon 

Tnmont  Manufacturing  Co 

do 


City  and  Bute. 


Boston,  Mass. 

Do. 
North  Wobum,  Mass. 
Boston,  Mass. 

Do. 
Rozbury,  Mass. 
Boston,  Mass. 
Brooklyn,  N.  Y. 

Boston,  Mass. 
Worcester,  Mass. 
Utica.  N.  Y. 
Worcester,  Mass. 
Boston.  Mass. 
Conshohocken.  Pa. 
Boston,  Mass. 

Do. 

Do. 
Hardwick,  Vt. 
Worcester,    ' 
Utlca,  N.  Y. 
Boston,  Mass. 
Plalnfield,  N.  J. 
East  Cambridge, 

Do. 
Boston.  Mass. 

Do. 
Worcester,  Mass. 
.  Easton,  Pa. 
Worcester.  Mass. 
Boston,  Mass. 

Do. 
Bridgeport,  Conn. 
Boston.  Mass. 
Buffalo,  N.  Y. 

Do. 

Worcester.  Mass. 
Jackson,  Mich. 
Boston,  Mass. 

Do. 

Do. 
Worcester,  Mass. 
Boston,  Mass. 

Do. 
Spuytcn  DuyvU,  N.  Y. 
Boston,  Mass. 
Brookiine,  Mass. 
Worcester,  Mass. 
Newton.  Mass. 
Peabody,  Mass. 
Worcester,  Mass. 
Boston,  Mass. 
Worcester,  Mass. 
Brooklyn,  N.  Y. 
Worcester,  Mass. 
Boston.  Mass. 
Ansonla,  Conn. 
Boston.  Mass. 

Do. 
Baltimore,  Md. 
Boston.  Mass. 
Cincinnati,  Ohio. 
Orange.  N.  J. 
Waltham.  Mass. 
Buffalo.  N.  Y. 

Boston,  Mass. 
Worcester,  Mass. 
Roxbury.  I ' 
Do. 
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Date. 


Material. 


For  whom  tested. 


Nam<). 


City  and  SUte. 


1905. 

Nov.  13 
13 
14 
14 
14 
20 
24 
24 
25 

Dec.  1 
1 

6 
8 
9 
9 
9 
11 
12 
14 
15 

16 
28 
28 
28 

1906. 

Jan.  4 


9 
12 
15 
22 
22 
23 
24 
25 
25 
25 
29 
31 

Feb.  7 
9 
10 
17 
19 

Mar.  1 
3 
5 

5 
7 
12 
13 
17 


29 

30 
30 
31 
Apr.  2 
2 

6 
6 

9 
10 
14 


Swivel  hooks 

.Grooved  steel  bars. 

Wires 

Steel  bolt 

Malleable-iron  iinlc.. 

Steel  specimens 

Cotton  duck 

Manila  strands 

Rubber  belting 

Steel  specimens 

do 


Bronze 

Steel  specimens. . 
Building  blocks.. 
Steel  wire  rope.. 
Steel  specimens. . 

dofTT 

Steel  wire 

Sandstone 

Steel  specimens. . 


Steel  bars 

Steel  specimens. 

Cement 

Brake  chain 


Bronze 

Steel  wire  rope.. 
Steel  specimens. . 

Bronze 

Cast  iron 

Bronze 

Wrought  iron... 
Canvas  belting.. 

Manila  rope 

Bricks 

Marble 

Building  blocks. . 
Wrought  Iron... 

Bronze 

Steel  rivet 

Wrought  iron... 

Bricks 

Steel  specimens. . 

doTT. 

do 

Manila  rope 

Steel 


Shackles 

Bricks 

Test  gauge 

Chain....  

Steel  specimens. 

do 

....do 


Concrete  prisms. 
Roofing  bracket. 
Building  blocks.. 

Bronze 


Concrete 

Chain  cable 

Steel  specimens. 

do^: 

do 


.do. 
.do. 


Marble  column . . 
Steel  specimens. 
do 


The  Thomas  Laughlln  Co 

J.  F.  Goiding 

do 

Montpciier  and  W^ells  River  R.R. 

Plymouth  Cordage  Co 

Wyman  &  Gordon 

M.  H.  Merriam 

Columbian  Rope  Co 

Revere  Rubber  Co 

Wyman  &  Gordon 

The  W.  H.  Davenport  FIpo  Arms 

Co. 

Victor  Metals  Co 

Electric  Vehicle  Co 

Hartford  Concrete  Block  Co 

American  Steel  and  Wire  Co . . . .' 

Wyman  &  Gordon I 

.....do ' 

General  Electric  Co 

John  Stewart 

The  W.  H.  Davenport  Fire  Arms 

Co. 

Jesse  M.  Gove 

Wyman  A  Gordon 

Pining  &  Crane 

Boston  and  Maine  R.  R.  Co 


Taunton-New  Bedford  Copper 
Co. 

Harold  L.  Bond 

Wyman  &  Gordon 

Corwin  Manufacturing  Co 

Farrel  Foundry  and  Machine  Co . 

Victor  Metals  Co 

Harrington,  Robinson  &  Co 

Ruboil  Belting  Co 

Plymouth  Cordage  Co 

Waldo  Brothers 

Brown  &  Cassell 

J.  A.  Gibson 

Harrington,  Robinson  &  Co 

VlctorMetais  Co 

Boston  Elevated  Rwy.  Co 

The  Svlvester  Co 

The  Winifrede  Coal  Co 

Wyman  &  Gordon 

do 

Isaac  G.  Johnson  &  Co 

Plymouth  Cordage  Co 

American  and  Bntlsh  Manufac- 
turing Co. 

Fletcher  &  Crowell  Co 

Cement  Machinery  Co 

The  Ashcroft  Manufacturing  Co. 

Thomson  Electric  Welding  Co.. 

Wyman  &  Gordon , 

Savage  Arms  Co 

American  and  British  Manufac- 
turing Co. 

H.  A.Carson 

A.  P.  Henderson 

Noyes  F.  Palmer  Manufactur- 
ing Co. 

Taunton-New  Bedford  Copper 
Co. 

H.  A.Carson 

H.  I.  Crandall  &  Sons  Co 

Wyman  A  Gordon 

do 

American  and  British  Manufac- 
turing Co. 

AlbertLadd  Colby 

American  and  British  Manufac- 
turing Co. 

HUgartner  Marble  Co 

American  Diesel  Engine  Co 

Wyman  &  Gordon 


Portland.  Me. 
Washington.  D.  C. 

Do, 
Montpeller.  Vt. 
North  Plymouth, 
Worcester.  Mass. 
Boston,  Mass. 
Auburn,  N.  Y. 
Chelsea,  Mass. 
Woxoester,  Mass. 
Norwich,  Conn. 


East  Bralntree,  Mass. 
Hartford,  Conn. 

Do. 
Worcester.  Mass. 

Do. 

Do. 
Schenectady.  N.  Y. 
Portland,  Oreg. 
Norwich,  Conn. 

Boston,  Mass. 
Woroester.  Mass. 
Boston,  Mass. 
Do. 

Taunton,  Mass. 

Boston,  Mass. 
Woroester,  Mass. 
Peabody,  Mass. 
Ansonia,  Conn. 
East  Braintree,  Mass. 
Boston,  Mass. 

Do. 
North  Plymouth,  Mass. 
Boston.  Mass. 
Harriman,  Tenn. 
Buffalo.  N.  Y. 
Boston,  Mass. 
East  Braintree,  Mass. 
Boston,  Mass. 

Do. 
Philadelphia.  Pa. 
Worcester,  Mass. 

Do. 
Spuyten  Duyvll.  N.  Y. 
North  Plymouth,  Mass. 
Providence,  R.  I. 

Portland,  Me. 
Jackson,  Mich. 
Bridgeport,  Conn. 
Lynn.  Mass. 
Woroester.  Mass. 
Utica.  N.  Y. 
Providence.  R.  I. 

Boston,  Mass. 
Hanover,  Mass. 
Brooklyn,  N.  Y. 

Taunton,  Mass. 

Boston,  Mass. 
East  Boston.  Mass. 
Worcester,  Mass. 

Do. 
Providence,  R.  I. 

New  York,  N.  Y. 
Providence,  R.  I. 

Baltimore.  Md. 
New  York,  N.  Y. 
Woroester,  Mass. 
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Date. 


1906. 
Apr.  14 
20 
» 

21 
23 
24 
25 


Material. 


May 


27  ! 

»l 

3 

8  I 

9 
9 
10 

18 
18 
22 


28 

29 

29 

29 

June    2 

2 

4 

•    5 

7 

8 

8 
9 
11 
11 
11 

11 
11 
12 
12 
12 
12 
12 
25 
25 
29 
30 
30 


Concrete  column.. 
Steel  BpecimenB. . . 
do 


Bronie 

Net 

BuoT  ahaoklcB. . 
Steel  specimens. 


.do. 
.do. 


Shackles 

Steel  specimens. . 

Concrete  prisms. 
Steel  specimens. . 
dofT: 


.do. 


Copperwlre  and  jomts 

Steel  specimens 

do 

Concrete  and  mortar 

Steel  specimens 

Wire  rope  sockets . . . 

Prison  bar 

Steel  plate 

do. 

Iron  bars 

'rdo'f^r:':::::: 

do 

do 


do 

do 

Manila  rope. 

Marble 

Concrete 


Building  blocks. . . 

doT? 

....do 

....do 

do 

Steel  specimens. . . 

do 

do 

Cement 

Steel  specimens. . 

do 

Hydraulic  gauge. 
Bronze 


For  whom  tested. 


Name. 


Bush  Terminal  Co 

Savage  Arms  Co.. 

American  and  British  Manufac- 
turing Co. 

B.  F.  Sturtevant  Co 

Hood  Rubber  Co 

Fletcher  &  Crowell  Co 

American  and  British  Manutec- 
turingCo. 

Savage  Arms  Co 

American  and  British  Manufac- 
turing Co. 

Fletcher  Si  Crowell  Co 

American  and  British  Manufac- 
turing Co. 

H.  A.Carson 

Wyman  A  Gordon 

American  and  British  Manufac- 
turing Co. 

Savage  Arms  Co 

Holtcei^abot  Electric  Co 

The  Wyman  &  Gordon  Co 

Savage  Arms  Co 

S.  E.  Thompson 

Geo.  F.  Blake  Manufacturing  Co. 

J.  H.  WlUlamsACo 

State  of  New  York 

New  England  Structural  Co 

Boston  Consolidated  Gas  Co  — 

Cambridge  Water  Works 

The  Wyman  &  Gordon  Co 

Boston  Consolidated  Gas  Co 

The  Wyman  &  Gordon  Co 

American  and  British  Manufac- 
turing Co. 

Farrel  Foundry  and  Machine  Co. 

Mlx&Hartel 

Columbian  Rope  Co 

The  Traitel  Marble  Co 

The  Henry  Souther  Engineering 
Co. 

Henry  Hecker 

Wm.  V.  McCormack 

do 

Wisdom  Paving  Co 

Robert  Philpot 

Savage  Arms  Co 

American  Diesel  Engine  Co 

The  Wyman  &  Gordon  Co. ..... . 

Niagara  Cement  Co 

The  Wyman  &  Gordon  Co 

Savage  Arms  Co 

The  Ashcroft  Manufacturing  Co. 

The  Pennsylvania  Steel  Co 


City  and  SUte. 


Brooklyn,  N.  Y. 
Utica,  N.  Y. 
Providence,  R.  I. 


Hyde  Park, 
East  Watertown. 
Portland,  Me. 
Providence,  R.  I. 

Utica,  N.  Y. 
Providence.  R.  I. 

Portland,  Me. 
Providence,  R.  I. 

Boston.  Mass. 
Worcester,  Mass. 
Providence,  R.  I. 

UUca,  N.  Y. 
Brookline.  Mass. 
Worcester,  Mass. 
Utica.  N.  Y. 
Newton  Hlfi^lands. 
East  Cambridge,  Mi 
Brooklyn.  N.  Y. 
Albany,  N.  Y. 
Everett,  Mass. 
Boston,  Mass. 
Cambridge,  Mass. 
Worcester,  Mass. 
Boston,  Mass. 
Worcester,  Mass. 
Providence,  R.  I. 


Ansonia,  Conn. 
Boston,  Mass. 
Auburn,  N.  Y. 
Long  Island  City.  N.  Y. 
Hartford,  Conn. 

B'lffalo,  N.  Y. 

Do. 

Do. 

Do. 
Melrose.  Mass. 
Utica,  N.  Y. 
New  York.  N.  Y. 
Worcester.  Mass. 
Buffalo,  N.  Y. 
Worcester.  Mass. 
Utica.  N.  Y. 
Bridgeport,  Conn. 
Steel  ton,  Pa. 


INDEX. 


Pftge. 

Ammunition  hoist  shaft,  from  Engineer  Corps,  U.  S.  Army,  tensile  test 167 

Analyses,  chemical: 

Bayonet  steel 156 

Copper  cylinder  for  Golaz  pressure  gauge 267 

Carpenter  special  steel 155 

Cast  iron 154 

Ejector  steel 155 

Gun  lever  axle,  6-inch 155 

Harmet  steel  ingot 313 

High  tensile  strength  steel 155 

Intrenching  shovels 168 

Pig  iron 153 

Rock  from  dam  site,  Roosevelt,  Ariz 631 

Sandstone  from  Dawson,  Ind.  T 631 

Shrapnel  cases,  3-inch 106 

Steel  castings  from  Arsenal  Tropenas  steel-casting  plant 113-123 

Steel  rail 309 

Anchor  bolt  for  gun  carriage,  from  Engineer  Corps,  United  States  Army,  tensile 

and  bending  tests 166 

Ball-bearing  thrust  shaft  testing  apparatus 20 

Ball  bearings: 

Hardened  steel  balls  on  track  plates  of  different  metals 249, 260 

Bayonet  steel,  chemical  analysis 155 

Bnck  piers: 

With  hollow  cores — 

Dry-pressed  brick 582-686 

Hard,  sand-struck  brick 588, 590, 591, 693, 594 

Light-hard,  sand-struck  brick 589, 592 

Re-pressed  brick 587 

Wire-cut  brick 580, 581 

With  solid  cores — 

Sand-lime  brick 595-^97 

Tabulation 598 

Mortar  used  in  brick  piers,  compression  tests  of  cubes 599 

Bricks: 

Face  and  building  brick — 

Asheville  Brick  and  Tile  Company 614 

Bannon  <fe  Co .  ^  P 605 

Bartlesville  Vitrified  Brick  Conipany 608 

Boone  Brick,  Tile,  and  Paving  Company 607 

Brenning  &  Rhoades 607 

Carbaugh,  J.  D 603 

Caralei^  Brick  Company 615 

Casper  Brick  Company 607 

Columbus  Vitrified  Brick  and  Tile  Company 610 

Conococheague,  Md 604 

Corey  Pressed  Brick  Company,  The 606 

Choctaw  Pressed  Brick  Company 608 

Cronly  Ceramic  Company 614, 615 

Cumberland  Granite  Brick  Companv 605 

Davenport  Paving  Brick  and  Tile  domjMiny 607 

Denny  Clay  Company 603 

Frederick  Brick  Works 605 

Fredonia  Brick  Company,  Th6 609 

Gethman  Brick  Company,  The 607 

Hydraulic  White  Bnck  Company 615 

Iowa  Falls  Press  Brick  Company 607 
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Bricks — Continued.  Page. 
Face  and  buildingbrick — Continued. 

Iowa  Granite  Brick  Company 607 

Keeeler, 616 

Lawrence  Vitrified  Brick  and  Paving  Company 609 

Louisville  Press  Brick  Company 606 

Maine  &  Son,  James 606 

Maryland  clay 605 

McCroskey  Mining  and  Manufacturing  Company,  The 616 

Mitchell  Clay  Manufacturing  Company 611 

Montgomery  Land  Company 616 

Muskogee  Vitrified  Brick  Company,  The 607 

National  Association  of  Manufacturers  of  Sand-Lime  Products 617 

New  Mexico 012, 613 

North  Carolina : 614 

Ogden  City  Pressed  Brick  and  Clay  Company 610 

Piatt  Pressed  and  Fire  Brick  Company 606 

Poteau  Pressed  Brick  and  Tile  Company 608 

Ronton  Clay  Works 604 

Sandstone  firick  Company 617 

Scott  &  Gould 607 

Trollinger.  J.  A 615 

Tulsa,  Ind.T 608 

Washington  Brick,  Lime,  and  Manufacturing  Company 604 

Washington,  State  of 604 

From  Quartermaster  U.  S.  Army,  West  Point,  N.  Y 617 

Fire  brick — 

Bannon&Co.,  P 605 

Budapest,  Hungry 610 

Laclede  Fire  Brick  Manufacturing  Company 613 

Mississippi  Glass  Company 613 

Missouri 611 ,  612 

Mount  Savage,  Md 604 

Parker-Russell  Mining  and  Manufacturing  Company,  The 611 

Paving  brick — 

Asheville  Brick  and  Tile  Company 615 

Atchison  Pavinc  Brick  Company 609 

Bannon  <fe  Co . ,  P 605, 606 

Capital  City  Vitrified  Brick  and  Paving  Company,  The 609 

Coffeyville  Vitrified  Brick  and  Tile  Company,  The 609 

Davenport  Paving  Brick  and  Tile  Company 607 

Fort  Scott  Brick  Company,  The 609 

Graves  Shale  Brick  Comjiiny 603 

Humboldt  Brick  Company 609 

Iowa  Falls  Press  Brick  Company 607 

Jamestown  Shale  and  Paving  Brick  (  omimny 610 

Laclede  Fire  Brick  Manufacturing  ComjMiny 613, 614 

Maryland 604 

Missouri 611 

Muskogee  Vitrified  Brick  Company,  The 608 

New  Mexico 612 

Ottawa  Brick  and  Tile  Company,  The 609 

Pittsburg  Vitrified  Paving  and  Building  Brick  Company 609 

St.  Louis  Vitrified  and  Fire  Brick  Companv 611 

Southern  Clay  Manufacturing;  Company,  Tne 603 

Washington  Brick,  Lime  and  Manufacturing  Company 604 

Bronze: 

Tensile  tests — 

For  gun  carriages  and  mounts — 

15-pounder  gun  carriages 141 

6-inch  disappearing  carriages —   141 

6-inch  R.  F.  gun  carriages 142 

6-inch  barbette  carriages 142 

10-inch  disappearing  carriages 142, 143 

12-inch  disappearing  carriages 143, 144 

12-inch  mortar  carriages 144, 145 

5,  6,  10,  and  12  inch  dummy  bands 145,146 
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Bronze — Continued.  Pmge. 

Tensile  tests — Continued. 

Bronze  ingots 146 

Dry-sand,  green-sand,  and  chill  castings 203-237 

Miscellaneous 147, 148 

Compression  tests — 

For  eun  carriages  and  mounts — 

0-inch  barbette  carrifu;e  recoil  buffer 149 

Dry-sand,  green-sand,  and  chill  castings 238-246 

Carpenter  special  steel,  chemical  analysis 166 

Ca£t-iron: 

Tensile  tests — 

From  Watertown  Arsenal  foundry 135, 136 

From  C.  H.  Cowdrey  Machine  Company 137 

From  Richmond  Iron  Works 137 

Chemical  ahalyses 164 

Cement.    (See  Concrete  and  Mortar.) 

Comparator 21, 22 

Comparison  of  testine  machines: 

Drigffs-Seabury  Ordnance  Corporation,  The 159 

Frankford  Arsenal 159 

Rock  Island  Arsenal 159 

Concrete  building  blocks: 

From  Hayden  Automatic  Block  Machine  Company,  <sompret8ton  tests 627 

Concrete  and  mortar  columns,  plain  and  refinforced: 
Compressive  elastic  properties — 

Plain,  round  columns,  without  reinforcement — 

1:1  mortar 478-475 

1:4  mortar 483 

1:2:4  mixture  (trap  rock} 489 

1:3:6  mixture  (trap  rock) ' 609,  635 

1:3:6  mixture  (pebbles) 536 

1:3:6  mixture  (cinders) 537 

Round  columns,  reenforced  with  -steel  wire  cages — 

1:2:4  mixture  (trap  rock) 467-462 

1:3:6  mixture  (trap  rock) 463-472 

Round  column,  reinforced  with  13  hoops — 

1:2:4  mixture  (trap  rock) 490, 491 

Round  column,  reeniorced  with  13  hoops  and  4  angles — 

1:2:4  mixture  (trap  rock) 497, 498 

Round  columns,  reenforced  with  25  hoops — 

1:2:4  mixture  (trap  rock) 492, 493 

1:3:6  mixture  (trap  rock) 610,  611 

1:3:6  mixture  (cinders) 512 

Round  columns,  reenforced  with  26  hoops  and  4  angles — 

1  : 1  mortar 476-478 

1  :1  :  2  mixture  (trap  rock) 479-482 

1  :2  :*4  mixture  (trap  lock) 499-604 

1  :3  :  6  mixture  (trap  lock) 513-616 

1  : 4  mortar 484,486 

1  :4  :  8  mixture  (trap  rock) 486-488 

Round  column,  reenforced  with  47  hoops — 

1  :2  :  4  mixture  (trap  rock} 494-496 

Round  columns,  reinforced  witn  48- hoops  and  4  angles — 

1  :2  : 4  mixture  (trap  rock) 605-608 

1  :3  :  6  mixture  (trap  rock) 517-^20 

Round  column,  reinforced  with  3  Kahn  bars  and  1  hoop — 

1  :2  : 4  mixture  (trap  Toek) 623,624 

Round  column,  reenforced  with  3  Kahn  bars  and  11  hoops — 

1  :2  :  4  mixture  (trap  rock) 621,522 

Square  column,  reinforced  with  4  Eahn  bars — 

1  :  2  :4mixture  (tiapjock) 626,526,531,632 

Square  column,  reinforced  with  4  Kahn  bars  and  11  hoops — 

1  :.2  :  4  mixture  (trap  rock) 627-630 

Square  column,  reinforced  with  4  .TniBOQn:bai8«nd'II'haope— 

1  :2  : 4  mixture  (trap  rock) 633,634 

Tabulation 638,539 

H.  Doc.  26,  59-2 41 
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Concrete  and  mortar  columns,  plain  and  reenforced — Continued.  page. 

Compreesive  elastic  properties — Continued. 

Diagrams  of  concrete  and  mortar  columns,  plain  and  reenforced — 

No.  1.  Compressive  strength 542, 543 

No.  2.  Compressive  strength 544,  545 

No.  3.  Compressive  strength 546, 547 

No.  4.  Compreesive  strength 548, 549 

No.  5.  Stress-strain  curves 550, 551 

No.  6.  Stress-strain  curves 552, 553 

No.  7.  Moduli  of  elasticity 554,555 

No.  8.  Stress-strain  curves,  ascending  and  descending 556, 557 

Concrete  and  mortar  cubes: 

From  Engineer  Commissioner,  District  of  Columbia,  Washington,  D.  C. — 

Description 621 

Compressive  tests 622-626 

From  Engineer  Corps,  U.  S.  Army — 

Compressive  tests 627 

Copper  cylinders  for  pressure  gauges: 

Tarage  tables  and  examination  of  cylinders  for  ^  square  inch  gauge 253-265 

Tarage  table  and  chemical  analysis  of  cylinders  for  Golaz  apparatus 266, 267 

Copper  roid,  shearing  tests 150 

Cordage: 

Tensile  tests — 

Hemp  rope  for  United  States  Li^ht-House  Establishment 175, 176 

Manila  rope  for  United  States  Light-House  Establishment 175, 176 

Braided  lanyard 176 

Solid  braided  linen  line 177 

Ejector  steel,  chemical  analysis 155 

Endurance  shafts: 
Endurance  tests — 

Gautier  steel  bars 435, 441 

Gautier  steel  bars,  annealed 436-440 

Railroad  rail  head 441 

Tabulation 442 

Tensile  tests  of  metal  from  ruptured  endurance  shafts — 

Gautier  steel 445-450 

Bethlehem  steel 451. 452 

Tabulation 453 

Equipment  of  testing  laboratory: 

800,000  pounds  Emery  testing  machine 14, 15 

100,000  pounds  Emery  testing  machine 17 

Ball  bearing  thnist  shaft  testing  apparatus 20 

Comparator 21 

Eqmpment 12 

Extensometers 1 24-26 

Impact  machine 18 

Inclinometer 27 

Laying-off  punches 30 

Micrometer  carriage 22 

Micrometers 28, 29 

Repeated  stress  machine 19 

Test  levers 23 

Testing  laboratory 13 

Vernier 30 

Weighing  scale  and  gauges 16 

Extensometers 24-26 

Flange  steel,  tensile  tests 164 

Frictional  resistance  of  banded  projectiles  in  6-inch  rifled  tube  sections.     (See 

Projectiles.) 
Granite.     (See  Stone.) 
Gun  carriages  and  mounts: 

Bronze 141-149 

Cast  iron — 

Watertown  Arsenal  foundry '. 135, 136, 154 

C.  H.  Cowdrey  Machine  Company 137 

Richmond  Iron  Works 137 
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GuB  carriages  and  mounts— Continued.  Page. 

Gun-lever  axle,  6-inch 128, 155 

Helical  eprings 181-183 

Piston  rods 284 

Retraction  ropes 284 

Steel  castings  from  arsenal  plant 113-123 

Steel  forgingB— 

From  arsenal  smith  shop 127-131 

From  Camden  Forge  Company 131 

Wheels  for  3-inch  field  carriages 287-294 

Gun-lever  axles: 

Chemical  analysis 155 

Tensile  tests 128,165 

Gun  specimens: 

3-inch  R.  F.  guns — 

Tubes 33-47 

Jackets 48^66 

Locking  hoops 67»  68 

Breechblocks •. 69-73 

Breech  bushing 74 

Tabulation 75 

Mandrel  tests  of  rings  from  tubes  and  jackets 91-93 

6-inch  R.  F.  guns — 

Tube 79 

Jackets 80-83 

Hoop 84 

Breech  bushing 85 

Spindle 86 

Tabulation 87 

8-inch  rifle.  No.  1 — 

Tube 94 

Harmet  nickel-steel  in^t: 

Chemical  composition ' 313 

Description 313, 314 

Tensile  tests — 

Slice  from  upper  half,  plain  and  annealed 316-352 

Slice  from  upper  half,  forced 362-365 

From  middle  of  upper  half 359-361 

Transverse  slice  from  middle  of  length 353-358 

Tabulation 366, 367 

Specimens  from  lower  half,  longitudinal  and  transverse,  plain  and 

annealed 368-427 

Tabulation 428-431 

Helical  springs.    {See  Springs.) 
Hydrostatic  tests: 

Experimental  5-inch  tube.    {See  Internal  strains.) 
3-inch  shrapnel  cases.    {See  Shells.) 

ImTOtct  machine 18 

Inclinometer 27 

Ingot,  nickel-steel.    {See  Harmet  nickel-steel  ingot.) 
Internal  strains  in  gun  forging: 

Hydrostatic  test  of  experimental  5-inch  tube '. 97, 98 

Intrenching  shovels: 

Chemical  analysis 168 

Tensile  tests 168 

Mandrel  tests: 

Rings  from  3-inch  tubes  and  jackets 91-93 

Tensile  tests  of  specimens  representing  mandrel  rings 93 

1-pounder  shells.    (See  Shells.) 

Micrometer 28, 29 

Mortar  used  in  brick  piers 599 

Mortar.    {See  Concrete.) 

Nickel-steel  ingot.    {See  Harmet  nickel-steel  ingot.) 

Paper,  blue-pnnt  and  brown-print,  tensile  tests 635 

Pig  iron,  chemical  analyses 153 
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Piston  rods  (proof  etreasee) :  P«ge. 

5-inch  barbette  carriages 284 

6-inch  disappearing  carriages 284 

15-pounder  mounts 284 

10-inch  disappearing  carriages 284 

Powder,  smokeless: 

Compression  tests 272-283 

Description 271 

Initial  strains 271 

Preeeure  gauges,  copper  cylinders  for.     {See  Copper  cylinders.) 

Private  tests 636-638 

Projectiles,  6-inch: 

Description  of  testa 187-189 

Frictional  resistance  tests  in  rifled  tube  sections 190-197, 200 

Band  metal — 

Tensile  tests 198 

Shearing  tests 199 

Hardness  tests 199 

Bronze,   dry-sand,  green-sand,  and  chill  castings  made  at  Waiercown 
Arsenal  foundry — 

Compression  tests 238-246 

Tensile  tests 203-237 

Punches,  for  laying  off  gauged  lengths 30 

Railroad  material: 

Rails  from  Boston  Elevated  Railway  Company — 

Ordinary  steel  rail,  transverse  tests 297, 298 

Manganese  steel  rail,  transverse  tests 299, 300 

Manganese  steel  rail,  tensile  tests 302, 303 

Comparative  wear  in  service  of  ordinary  and  maneanese  steel  rails. . .      301 
Treated  and  untreated  rails,  transverse,  tensile,  and  hardness  tests. .  304-308 
Rails  from  Mr.  P.  H.  Dudley- 
Tensile  tests — 

Plates  from  base  and  web 309 

Railhead 310 

Transverse  tests  of  rail  head 310 

Chemical  analysis 309 

Repeated  stress  machine 19 

Resistance  of  banded  projectiles  in  rifled  6-inch  tube  sections.    (See  Projec- 
tiles.) 
Retraction  ropes  (proof  stresses) : 

6-inch  disappearing  carriages 284 

8-inch  disappearing  carriages 284 

10-inch  disappearing  carriages •. 284 

12-inch  disappearing  carriages 284 

Saber  guards,  tensile  tests 168 

Safety  lanyard  hooks,  tensile  tests 170 

Sandstone.     (See  Stone.) 

Shackles,  buoy,  tensile  tests  of,  for  United  States  Light- House  Establishment. .       171 

Sheet  steel,  tensile  and  bending  tests 164 

Shells: 

Shrapnel  cases,  3-inch — 

C'hemical  analysis 106 

Compression  tests 103-106 

Hydrostatic  tests 101, 102 

Tensile  tests 102,107 

1 -pounder  drawn  steel  shells — 

Compression  tests 109 

Mandrel  tests 108 

Tensile  tests 109 

3.2-inch  cast-iron  shells  with  steel  gas  shields — 

Tensile  tests 110 

Shrapnel  cases.     (See  Shells.) 

Sight  bracket  bushing,  3-inch  gun,  tensile  tests 169 
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Springs,  helical:  Page. 

Compression  tests — 

6-pounder  Dri^gs-Seabury  mount 183 

16-pounder  Dnggs-Seabury  masking  parapet  mount 181, 182 

7-inch  mortar  carriage 183 

10-inch  disappearing  carriage 183 

Steel  bars  for  comparison  of  testing  machines 159 

Steel  bars  used  in  concrete  construction: 
Kahn  bars — 

Shearing  tests 561 

Tensile  tests 562 

Joints  in  steel  bars 565-571 

Steel  bars  for  applying  long-continued  loads  to  concrete  columns 575, 576 

Steel  castings  for  gun  and  carriage  work,  from  Watertown  Arsenal  Tropenas 

steel-casting  plant,  tensile  tests  and  chemical  analyses 113-123 

Steel  forgings: 

From  Watertown  Arsenal  smith  shop — 

75-millimeter  gun  carriages 127 

6-pounder  gun  mounts 127 

15-pounder  gun  carriages 1 .       127 

6-inch  disappearing  carriages 127, 128 

6-inch  barbette  carriages 128 

8-inch  disappearing  carriages 128 

10-inch  disappearing  carriages 128-130 

12-inch  disappearing  carriages 130, 131 

12-inch  mortar  carriages ! 131 

Miscellaneous 131 

From  Camden  Forge  Company — 

6-inch  disappearing  carriages 131 

From  Engineer  Corps,  U.  S.  Army 166, 167 

6-inch  gun  lever  axle 128, 155 

A.  P.  detonating  fuse 165 

Steels,  miscellaneous: 

Intrenching  shovels,  tensile  tests  and  chemical  analysis 168 

Sheet  steel,  tensile  and  bending  tests 164 

Tool  steel,  tensile  tests 163 

Flange  steel  plates  from  Crucible  Steel  Company,  tensile  test* 164 

Stone: 

Granite  cubes  from  Concord,  N.  H.,  compression  tests 632 

Red  sandstone  from  United  States  Geological  Survey,  compression  tests. . .      632 
Rock  from  dpjn  site,  Roosevelt,  Ariz.,  compression  test  and  chemical  an- 
alysis...*        631 

Sandstone  from  Dawson,  Ind.  T.,  compression  tests,  chemical  analysis,  and 

absorption  of  water 631 

Testing  laboratory,  equipment  of.     {See  Equipment  of  testing  laboratory. ) 
Testing  machines: 

800,000  pounds  Emery  testing  machine 14-16 

100,000  pounds  Emery  testing  machine 17 

Ball-bearing  thrust  shaft  testmg  apparatus 20 

Impact  machine 18 

Repeated  stress  machine 19 

Test  levers 23 

Tool  steel,  tensile  tests , 163 

Vernier  gauge 30 

Wheels  for  3-inch  field  carriages: 

Description  of  tests 287, 290 

Force  reauired  to  overcome  and  increase  dishing 288,  289 

Tests  by  loads  applied  on  tires,  acting  diametrically  inward 291-294 

Wire,  steel,  tensile  tests 170 

Wire  rope: 

Plow  steel  durable  rope 177 

Rope  secured  with  clamps 177 

2J-mch  steel  wire  rope  for  United  States  Navy 178 

Retraction  ropes  for  gun  carriages.    {See  Retraction  ropes.) 
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